SEPTEMBER, 1945 


BULLETIN 
of the 


Volume 29 


Number 9 


American Association of 


Petroleum Geologists 


CONTENTS 


Recent Sedimentation and the Search for Petroleum By W. C. Krumbein 


Marine Jurassic Formations of Sweetgrass Arch, Montana 
By W. A. Cobban 


Résumé of Facts and Opinions on Sedimentation in Gulf Coast Region of 
Texas and Louisiana By L. W. Storm 

Pre-Permian Axes of Maximum Deposition in West Texas 
By Jackson M. Barton 


GEOLOGICAL NOTES 


Vertical Source in Oil and Gas Accumulation 


DISCUSSION 


Civil Service Resolution 


REVIEWS AND NEW PUBLICATIONS 
The Search for Oilfields in Great Britain, by G. M. Lees and A. H. Taitt 
By Burton Wallace Collins 


By Burton Wallace Collins 


By James H. Gardner 


By J. Edmund Eaton 


A Deep Bore in the Cleveland Hills, by A. Fowler 


The Geology of the Southern Roumanian Oil District, by J. F. M. de Raaf 
By Burton Wallace Collins 


A Résumé of the Paleozoic Stratigraphy of Colorado, by J. Harlan Johnson 

Recent Publications 

THE ASSOCIATION ROUND TABLE 
Association Committees 

Membership Applications Approved for Publication 

Supplementary Membership List, September 6, 1945 


MEMORIAL 
Donald Frost Newell 


AT HOME AND ABROAD 


Current News and Personal Items of the Profession 


By D. E. Lounsbery and N. P. Isenberger 


1262 


1304 


1336 


1349 


1352 


1354 


1355 


1361 
1363 


1368 


1371 


Copyricut, 1945, By Tue AMERICAN ASSOCIATION 
oF PETROLEUM INc. 


: 
1233 

1356 

1356 
| 
1364 


; Tropicalization of Instruments 
: for WORLD WIDE SERVICE 


All field equipment, and especially electronic instru- 

ments, deteriorate very rapidly in the humid climate of 
the tropics unless properly protected at the time of 
4 manufacture. 


4 All S S C instruments are tropicalized with a protective fungicidal, 
moisture resistant coating, and their components so designed and 
constructed of materials to reduce or eliminate the effects of 
moisture on their operation. 


S S C equipment is built to stand up and give long dependable 
service under difficult field conditions ANYWHERE. 


This fundamental policy of providing its crews 
with equipment designed to operate under all 
field conditions, helps to sustain the steady 
growth of the company in its continued high 
standard of service to its clients throughout the 


world. 


Seismogroph Service Cosporotios 
CONSULTING EXPLORATION GEOPHYSICISTS 


TULSA, OKLAHOMA, U.S.A. 


| 
— 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


BULLETIN 


of the 


AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
OFFICE OF PUBLICATION, 708 WRIGHT BUILDING, TULSA, OKLAHOMA 


GAYLE SCOTT, Editor 
Texas CuristT1AN UNIversity, Fort Worts 9, TEXAS 
ASSOCIATE EDITORS 


GENERAL K. C. HEALD, Gulf Oil Corporation, Box 1166, Pittsburgh 30, Pa. 
HUGH D. MISER, U. S. Geological Survey, Washington 25, 1. C. 
THERON WASSON, Pure Oil es 35 E. Wacker go gg 1, Ill. 


APPALACHIANS OHN R. REEVES, Penn-York Natural Gas Corporation, Buffalo, N. Y. 
NORTH CENTRAL STATES . B. NEWCOMBE, Superior Oil Com ny, Grand Rapids, Mich. 
KANSAS EDWARD A. KOESTER, Darby and Bothwell, Inc., Wichita 2, Kan. 
OKLAHOMA 

Western ROBERT H. DOTT, Oklahoma Geological ——-. Norman, Okla. 

Eastern SHERWOOD BUCKSTAFF, Shell Oil Company, Inc., Box t191, Tulsa 2, Okla. 
TEXAS 

North and Central J. B. LOVEJOY, Gulf Oil Corporation, Fort Worth 1, Tex. 

Northeastern C. I. ALEXANDER, Magnolia Petroleum Company, Tyler, Tex. 

San Antonio Poo R. SANDIDGE, Magnolia Petroleum Company, San Antonio s, Tex. 

Permian Basin . RUSSELL LLOYD, Box 1026, Midland, Tex. 
GULF COAST SIDNEY A. JUDSON, Texas Gulf Producing Company, Houston 1, Tex. 


MARCUS A. HANNA, Gulf Oil Corporation, Houston 1, Tex. 
ARKANSAS AND NORTH LOUISIANA ROY T. HAZZARD, Gulf Refining Company of Louisiana, Shreveport 93, La. 


ROCKY MOUNTAINS A. E. BRAINERD, Continental Oil Company, Denver 2, Colo. 
CALIFORNIA W. D. KLEINPELL, Box 1131, Bakersfield, Calif, 

E. R. ATWILL, Union Oil ——- of California, 617 W. 7th, Los Angeles 
CANADA THEODORE A. LINK, Imperial Oil Limited, Toronto, Ontario 


SOUTH AMERICA HOLLIS D. HEDBERG, Mene Grande Oil Co., Apt. 709, Caracas, Venezuela 


THE BuLtetn is published by the Association on the 15th of each month. 

EDITORIAL AND PUBLICATION OFFICE AND ASSOCIATION HEADQUARTERS, 708 Wright Building, 115 and 117 
West Third Street, Tulsa, Oklahoma. Post Office, Box 970, Tulsa 1. 

British AGENT: Thomas Murby & Co., 40 Museum Street, London, W. C. 1. 

SUBSCRIPTION PRICE to non-members is $15 per year (separate numbers, $1.50), prepaid to addresses in the 
United States; outside the United States, $15.40. 

Crams For Non-RECEIPt must be sent within 3 months of date of publication, to be filled gratis. 

Back Numsers, if available, may be ordered from Headquarters. Price list on request. 


Cloth-bound Bulletin, Vols. 12 (1928)-15 (1931) incl., each. .........-.sesceeceseceeeeeee $5.00 $ 6.00 
Vols. 23 (1939)-24 (1940), 26 (1942) and 28 (1944), each........... 4.00 17.00 
SPECIAL PUBLICATIONS Mem. Non-Mem. SPECIAL PUBLICATIONS Mem. Non-Mem. 

1935. Geology of Natural Gas.... $4.50 $6.00 1941. Future Oil Provinces, U. S. 

1936. Geology of Tampico Region 3.50 4.50 $1.00 $1.50 

1936. Gulf Coast Oil Fields...... 3-00 4.00 1942. Source Beds of Petroleum.. 3.50 4-50 
1936. Map of Southern California -50 +50 1942. West Texas Permian Corre- 

1938. Miocene Stratigraphy of dation +25 
4.50 5.00 1944. Tectonic Map of United 

1941. Stratigraphic Type Oil 2.00 2.00 


Communications about the Bulletin, manuscripts, editorial matters, subscriptions, special rates to public 
and university libraries, publications, bership, change of address, advertising rates, and pt oem 
Association business should be addressed 


THE AMERICAN ASSOCIATION OF PETROLEUM 
GEOLOGISTS, INC. 


J. P. D. HULL, Business MANAGER 
BOX 979, TULSA 1, OKLAHOMA 


Entered as second-class-matter at the Post Office at Tulsa, Oklahoma, and at the Post Office at Menasha, 
Wisconsin, under the Act of March 3, 1870. Acceptance for mailing at special rate of postage provided for in section 
1103, Act of October 3, 1917, authorized March 9, 1913. 


i 
a 
| 
i 
| 
Mem. Non-Mem. 
| 
| 
if 
| 
} 
| 


ii Bulletin of The American Association of Petroleum Geologists, September, 1945 


THE AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS, INC. 


Organized at Tulsa, Oklahoma, February ro, 1917, as the Southwestern Association of Petroleum Geologists. Present name 
adopted, February 16, 1918. Incorporated in Colorado, April 23, 1924. Domesticated in Oklahoma, February 9, 1925. 
OFFICERS FOR THE YEAR ENDING MARCH, 1946 
MONROE G. CHENEY, President, Coleman, Texas M. GORDON GULLEY, Vice-President, Pittsburgh, Pa. 
EDWARD A. KOESTER, Secretary-Treasurer, Wichita,Kansas GAYLE SCOTT, Editor, Fort Worth, Texas 
The foregoing officers, together with the Past-President, IRA H. CRAM, Chicago, Illinois, 
constitute the Executive Committee. 
DISTRICT REPRESENTATIVES 
(Representatives’ terms expire immediately after annual meetings of the years shown in parentheses) 
Amarillo: Elisha A. Paschal (46), Amarillo, Tex. Pacific Coast: Eugene H. Vallat (46), Robert T. White (46), 
Appalachian: W. O. Ziebold (47), Charleston, W. Va. . Los Angeles, Calif. 


Canada: Edwin H. Hunt (47), Calgary, Alberta Elmo W. Adams (46), San Francisco, Calif. 
Capital: Carl H. Dane (46), Washington, D.C Rollin Eckis sat) Glena C. Ferguson (a7), Bakersfield, Calif. 


Corpus Christi: Ira H. Stein (47), Alice, Tex. Rocky Mountains: Robert L. Sielaff (47), Casper, Wyo. 
Dallas: Barney Fisher (46), Dallas, Tex. Shreveport: G. D. Thomas (47), Shreveport, La. 
East Oklahoma: D. E. Lounsbery (46), Bartlesville, South America: L. W. Henry 47): Caracas, Venezuela 
J. L. Borden (47), Glenn D. Hawkins (47), Tulsa Southeast Gulf: Henry N. Toler (47), Jackson, Miss. 
Fort Worth: Lynn K. Lee (47), Fort Worth, Tex. Southern Louisiana: Max Bornhauser (47) Lafayette 
Great Lakes: Robert M. English (47), Mattoon, III. So. Permian Basin: George R. Gibson (47). John - Hills (46), 
Stanley G. Elder (46) Evansville, Ind Midland, Tex. 


Houston: George S. Buchanan (46), Donald M. Davis (46), South Texas: Edwin L. Porch (46), San Antonio 


A. P. Allison (47), P. B. Leavenworth (47), Houston, Tex. Tyler: F. B. Stein (47), Tyler, Tex. 
Michigan: E. J. Baltrusaitis (47), Saginaw, Mich. est Oklahoma: Jerry B. Newby (47), Oklahoma City; 
New Mexico: Georges Vorbe (47), Socorro, N. Mex. Arthur M. Gazer talk, Shawnee 
New York: Gail F. Moulton aD, New York City Wichita: John W. Inkster (47), Wichita, Kan 


Wichita Falls: Earl M. Stilley (46), Wichita Falls, Tex. 
DIVISION REPRESENTATIVES 
Paleontology and Mineralogy 
John R. Sandidge (46), San Antonio, Texas Henryk B. Stenzel (46), Austin, Texas 


PACIFIC SECTION (Chartered, March, 1929) 
GLENN H. BOWES, President, Continental Oil Company, 601 W. sth Street, Los les, California — 
ROBERT T. WHITE, Vice-President, Barnsdall Oil Company, Petroleum Building, Los Angeles, California 
VINCENT W. VAN. DIVER, Secretary-Treasurer, Seaboard Oil Company, 417 S. Hill Street, Los Angeles 13 
Membership restricted to members of the Association in good standing, residing in Pacific Coast states. Dues: $2.00 per year. 


SOUTH TEXAS SECTION (Chartered, April, 1929) 
HARVEY WHITAKER President, 1409 Milam Building, San Antonio, Texas 
MARION J. MOORE, Secretary-Treasurer, Transwestern Oil Co., 1600 Milam Building, San Antonio, Texas 
Membership limited to persons eligible to Association membership. Dues: $2.50. Annual meeting in Octoper. 


DIVISION OF PALEONTOLOGY AND MINERALOGY 
SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
(Organized, March, 1927; affiliated, March, 1928; chartered, technical division, April, 1930) 
JOHN R. SANDIDGE President, Magnolia Petroleum Company, San Antonio, Texas 
HENRYK B. STENZEL, Secretary-Treasurer, Bureau of Economic Geology, Austin, 12, Texas 

SEND DUES, SUBSCRIPTIONS AND ORDERS FOR BACK NUMBERS TO BOX 979, TULSA, 1, OKLAHOMA. 
The Society and the Paleontological Society jointly issue six times a year the Journal of aleontology, J. Marvin Weller, 
University of Chicago, Chicago 37, Illinois, and C. Wythe Cooke, U. S. National Museum, Washington, D. C., editors: sub- 
scription, $6.00. The Journal of Sedimentary Petrology, W. H. Twenhofel, editor, University of Wisconsin, Madison, Wisconsin, 
is issued three times a year: subscription, $3.00. Single copies, Journal of Paleontology, $2.00; Journal of Sedimentary Petrology, 
$1.50. Society dues: with Jour. Pal., $5.00; with Jour. Sed. Petrology, $3.00; with both, $8.00 per year. 


AFFILIATED SOCIETIES 

rta, Cana I). 1S) Tica! 
Virginia (31). W. B. Mi United Fuel Gas Co., Box 1273 
ox 


Alberta Society of Petroleum Geologists, Cal; 
Geological Society, Charleston, 
Ardmore Geological Society, Ardmore, Oklahoma G36). H. M. Johnson, Secy., Schlumberger Well Surveying Corp., [ 7 
Corpus Christi Geological Society, Corpus Christi, Texas (43). Elsie B. Chalupnik, Secy., Barnsdall Oil Co., 604 Driscol Hag. 
Dallas Petroleum Geologists, Dallas, Texas (35). Willis G. eyer, Secy., DeGolyer and MacNaughton, Continental Bldg. 

East Texas Geological Society, Tyler, Texas (32). G. T. Buskirk, Secy., Stanolind Oil and Gas Com ny, Box 660 

Fort Worth Geological Society, Fort ‘Worth, Texas (31); Spencer R. Normand, Secy., Independent oration Company 
Houston Geological Society, Houston, Texas (32). Charles H. Sample, Secy., J. Huber Corp., 721 Bankers Mortgage Bldg. 
Illinois Geological Society (39). Gene Gaddess, Secy., Pure Oil Company, Olne 

Indiana-Kentucky Geological Society (38). Jess H. Hengst, Secy., Barnsdall Oil Company, Evansville, Ind. 

Kansas Geological Society, Wichita, Kansas (31). Edward A. Huffman, Secy., J. M. H Corp. 407 First Natl. Bank Bldg. 
Michigan Geological Society (37). Manley Osgood, Jr., Secy., Cities Service Oil Co., Box 140, Mt. Pleasant 

Mississippi Geological Society, Jackson, Miss. (ar), J. B. Wheeler, Secy., Stanolind Oil and Gas Company - 

New Orleans Geological Society, New Orleans, La. (43). R. R. Copeland, Jr., Secy., The California Co., 1818 Canal Bldg. 
North Texas Geological Society, Wichita Falls, Texas (38). John R. Davis, Secy., Superior Oil Co., 807 Hamilton Bldg. 
Oklahoma City Geological Society, Oklahoma City, Okla. (gz). Carl A. Moore, Secy., Carter Oil Co., +. Apco Tower 
Panhandle Geological Society, Amarillo, Texas (32). E. W. Sisney, Secy., Cities Service Gas Company, Box 350 

Shawnee Geological Society, Shawnee, Oklahoma (31). Marcelle Mousiley, Secy., Atlantic Refining Company, Box 169 
Shreveport Geological Society, Shreveport, Louisiana (32). L. H. Meltzer, Secy., Union Producing Co., Box 1407, Zone 92 
Society of Exploration Geophysicists (32). Cecil H. Green, Secy., Geophysical Service, Inc., Dallas, Tex. 

South Louisiana Geological Society, Lake Charles, La. (37). Bruce M. Choate, Secy., Atlantic Refg. Co., Box 895 
Southeastern Geological Society, Tallahassee, Fla. (44). R. T. Chapman, Secy.. Stanolind Oil and Gas Co.. Box 1118 

\ 


axwell, Secy., 


Geological Society, Tulsa, Oklahoma (31). Glenn R. V. Griffith, Secy., U. S. Geological Survey, Box 311 
West Texas Geological Society, Midland, Texas (38). Alan B. Leeper, Secy., Honoiulu Oil Corporation 
Wyoming Geological Association, Box 545, Casper (45), Raymond M. Larsen, Secy., U. S. Geological Survey 
Yellowstone-Bighorn Research Association, Inc. (44). W. T. Thom, Jr., Secy., Princeton, N. J. 


3 

| 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


There are a good many reasons 
why critical geophysicists prefer 


HALOID RECORD 


SEISMOGRAPH RECORDING PAPER 


... and popular among these reasons are the facts 
that Haloid Record is plenty tough, resists heat, with- 
stands humidity and always provides sharp lines and 


legible contrast. 


Even under the most adverse conditions, in the 


field or in the laboratory, you can depend on Haloid 
Record to give you consistently high performance. 


Superior geophysical recordings are yours because 
Haloid Record successfully combines the advan- 


tages of photographic excellence and resistance to 


abuse. 


THE HALOID CO., 630 Haloid St., Rochester 3, N.Y. 
BUY MORE WAR BONDS 


iii 

Bs 

Ww 
eae 
pens 


Bulletin of The American Association of Petroleum Geologists, September, 1945 ° 


An Investment In The Future 


A Mayes-Bevan Survey is indispensable in the ex- 
ploration of new oil provinces and its value will in- 
crease many fold with the development. The quan- 
tity of gravity meter work being done in the proven | 
oil provinces of the United States is a demonstration 
of its continued value. 


Surwey, 


TULSA, OX 


Iv 
- 
| 


ol 


This is the third of a series of advertisements pre- 
pared to present National’s complete line of Seismo- 
graph equipment used in National’s Seismic Survey 
Service. 


Keep a file of these advertisements; pull carefully 
from magazine, punch and file in loose leaf binder. 


Folder No. 3 


Sy 
COMPANY INC. 
AT 
PENN 
| 
} 
| 
| 
| 
| 


OF 
a 
o 
@ 
ei 
A\ 
) 
\ 
\S = 
e 


MPLIFIER 


The a ional 25-A Amplifier is the result of years of intensive research and is 
the most, modern and most versatile seismograph amplifier ever developed. 
Because of its many outstanding features, it is readily adaptable to any type of 
seismic exploration. Built on an entirely new circuit design it includes an auto- 
matic gain ¢ontrol, operated by the input signal, which will hold the amplitude 
constant for\input signal variations as great as 5000 to 1, and individually adjust- 
able high-pa$s and low-pass filters, permitting operations in difficult areas where 
interference from “ground roll” or high-frequency “noise” is excessive. 

Each amplifier is a small, rugged and compact unit entirely complete in itself 
except for tHe power supply which is obtained from one common source. Six 
amplifiers ar¢ mounted in a sealed, splash-proof case that contains a dehydrator 
which keeps/the equipment moisture free under any atmospheric condition. 


SPECIFICATIONS 


Number of{tubes—7 Low frequency—4 selections 
Input im pedance—200 ohms High frequency—3 selections 


Output ifn pedance—-10 or 250 ohms W eight of individual amplifier— 
A.g.c. agcommodation range— 6 pounds, 13 ounces 

Inpuy voltage (minimum for a.g.c.) Weight of amplifier case with six am- 

0.6 microvolts plifiers—60 pounds 
OAt put voltage— Size of individual am plifier— 
15 millivolts 
Filters—individually adjustable high Size of amplifier case— 
and low frequencies 1014"x2514"x111/4,” 


A 
\ 
\ a 


Regs 

ch aracteristics 
ofthe 
National 


FREQUENCY IN CPS 


Z 


\ 
Lf NW 


PAUAS ONAL GEOPHYSICAL COMPANY, INC. Texas” 


| 
25-A 
| 

| Amplifier 

TEXAS 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


1931 


1935 


1936 


1936 


1936 


1938 


1941 


1942 


1942 


1944 


1944 


AVAILABLE PUBLICATIONS OF 


The American Association 


of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma 


Geologic Map of Cuba. Compiled by J. Whitney Lewis. Folded paper sheet, 
24 x 10 inches. Scale, 3/16 inch = 10 miles. Geologic column on same sheet. 
From Lewis’ “Geology of Cuba,” in: June, 1932, Bulletine 


Geology of Natural Gas. Symposium on occurrence and geology of 
natural gas in North America. By many authors. 1,227 pp., 250 illus. 
6 x 9 inches. Cloth. To members and associates, $4.50 .................... 


Geology of the Tampico Region, Mexico. By John M. Muir. 280 pp., 15 
half-tone plates, 41 line drawings, 9 tables. 6 x 9 inches. Cloth. To mem- 


Gulf Coast Oil Fields. Symposium on Gulf Coast Cenozoic. By 52 as, 
Chiefly papers reprinted from the Association Bulletin of 1933-1936 
gathered into one book. xxii and 1,070 pp., 292 figs., 19 half-tone pls. 
6 x 9 inches. Cloth. To members and associates, $3.00 ................... 
Areal and Tectonic Map of Southern California. By R. D. Reed and J. S. 
Hollister. In 10 colors. From “Structural Evolution of Southern Cali- 
fornia,” December, 1936, Bulletin. Scale, % inch = 1 mile. Map and 4 
structure sections on strong ledger paper, 27 x 31 inches, rolled in tube 


Miocene Stratigraphy of California. By Robert M. Kleinpell. 450 pp.; 14 
line drawings, including a large correlation chart; 22 full-tone plates of 
foraminifera; 18 tables (check lists and a range chart of 15 pages). 6 x 9 
inches. Cloth. To members and associates, $4.50 .................-.0005- 
Stratigraphic Type Oil Fields. Symposium of 37 papers by 52 authors. 
902 pp., 300 illus., 227 references in annotated bibliography. 6 x 9 inches. 


Source Beds of Petroleum. By Parker D. Trask and H. Whitman Pat- 
node. Report of investigation supported jointly by the American Pe- 
troleum Institute and the Geological Survey of the United States Depart- 
ment of the Interior from 1931 to 1941. 566 pp., 72 figs., 151 tables. 6 x 9 
inches. Cloth. To members and associates, $3.50 ..................02.055 


Correlation Chart of Permian System and Related Strata in West Texas 
Region. By Philip B. King. 22 x 14 inches. From King’s “Permian of West 
Texas and Southeastern New Mexico,” in April, 1942, Bulletin. Folded 
Possible Future Oil Provinces of the United States and Canada. Association 
research committee. Reprinted and repaged from August, 1941, Bulletin. 154 
pp., 83 figs. 6 x 9 inches. Paper. To members and associates, $1.00 ........ 
Tectonic Map of the United States. Prepared under the direction of the 
Committee on Tectonics, Division of Geology and Geography, National Re- 
search Council. Scale, 1 inch = 40 miles. Printed in 7 colors on 2 sheets, 
each 40 x 50 inches. Folded, $1.75. Rolled in tube ....................... 


Bulletin of The American Association of Petroleum Geologists. Official monthly 


publication. Each number, approximately 150 pages of articles, maps, 
discussions, reviews. Annual subscription, $15.00 (outside United States, 
$15.40). Descriptive price list of back numbers on request. 


(Prices, postpaid. Write for discount to colleges and public libraries.) 


6.00 


4.50 


4.00 


50 


5.00 


5.50 


4.50 


25 


1.50 


2.00 


| 

$ .25 
| 

= 
of 

= 

iy 


vi Bulletin of The American Association of Petroleum Geologists, September, 1945 


® 


SCHLUMBERGER WELL SURVEYING CORPORATION - HOUSTON TEXAS 
j 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


vii 


Bulletin Advertisers 


Advanced Exploration Company ...... XXXVii 
Aero Service Corporation ............... Xxiv 
American Optical Company ................ 
Atlas Powader, COMPANY 
Eastman Oil Well Surveys ............. xviii 
Economic Geology Publishing Company . . xxiv 
Engineering Laboratories, Inc. .............. 
Geo. E. Failing Supply Company ............ 
Fairchild’ Aerial Surveys... 
Federal Electric Company .............. Xxvi 
First Natl. Bank and Trust Co. of Tulsa . .xvii 
C. H. Frost Gravimetric Surveys ...... XXXViii 
General Geophysical Company .......... xxi 
Geophysical Service, Inc. .......... Cover iii 
Geotechnical Corporation ............... xvii 
Gravity Meter Exploration Company ........ 
Gulf Publishing Company ................ XX 
Heiland Research Corporation .......... XXXixX 
Hercules Powder Company, Inc. ............ 
Hughes Tool Company ............ Cover iv 
Pant Tool Company® 
Independent Exploration Company ..... XXXVi 


Journal of Paleontology ............. XXXViii 
Journal of Sedimentary Petrology ....xxxviii 
Keystone Exploration Company ....... XXXiii 
Eane-Wells: Company® .. XXV 
Laughlin-Simmons and Company ........... 
Mayes-Bevan Company ................-. iv 
McCullough Tool Company ............ XXXV 
National Geophysical Company . .Bet. iv and v 


North American Geophysical Company ...... 
Petty Geophysical Engineering Company .xxxi 


Reed Roller Bit Company ................ xl 
Schlumberger Well Surveying Corporation . .vi 
Seismic Explorations, Inc. .............. xxiii 
Seismograph Service Corporation ....Cover ii 
Society of Exploration Geophysicists ........ 
Southern Geophysical Company ......... XXVii 
Sperry-Sun Well Surveying Company ........ 
Sullivan Machinery Company ............... 
Technical Oil Tool Corporation ............. 
Thompson Tool Company, Inc. .......... xxii 


Torsion Balance Exploration Company ...... 
Triangle Blue Print and Supply Company .xxiv 


United Geophysical Company ........... viii 
Wallace & Tiernan Products, Inc. ........... 
Western Geophysical Company ......... xviii 


PROFESSIONAL CARDS 


GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


Exploration Geophysicists .xvi New Orleans............. 5.05 2) XV 


Articles for October Bulletin 


Geology of Oregon and Washington, and Its Relation to Possible Occurrences of Oil and Gas 


By CuHartes E, WEAVER 


Subsurface Lower Cretaceous Formations of South Texas 


By W. IMLay 


Relation between Radioactivity, Organic Content, and Sedimentation 


By L, RusseELt 
Photography of Megafossils 
By JosEpH EpMuND EATON 


= off 


iii Bulletin of The American Association of Petroleum Geologists, September, 1945 


“$95 E COLORADO ST., PASADENA 1, CALIF. 


TULSA e HOUSTON e NEW YORK ~ : 


; CARACAS e BARRANQUILLA e SANTIAGO 


# 
ee: 

G EO HYS CA L [ 0 M ANY 


Volume 29 Number 9 


BULLETIN 
of the 


AMERICAN ASSOCIATION OF 
PETROLEUM GEOLOGISTS 


SEPTEMBER, 1945 


RECENT SEDIMENTATION AND THE SEARCH FOR PETROLEUM! 


W. C. KRUMBEIN? 
Pittsburgh, Pennsylvania 


ABSTRACT 


The thesis of this paper is that sedimentary characteristics will become increasingly important 
in the search for oil. Emphasis is placed on the increase in quantification of sedimentary data; new 
and more complete studies of sedimentary environments; application of the techniques to ancient 
sediments; and the development and improvement of methods for recording the quantitative data in 
map form. A brief review is given of some trends in modern sedimentation, illustrated by particle 
roundness and sphericity, as an introduction to quantitative sedimentary studies. The viewpoint is 
extended to environments of sedimentation, approached as ‘‘closed systems” with boundary condi- 
tions, materials, and energy sources as the basic subjects of study. The data of quantitative environ- 
mental studies lend themselves to presentation on contour-type maps and surfaces, and some of the 
geometrical properties of such maps and surfaces are reviewed. A classification of maps is given, to 
indicate the wide range of sedimentary data both recent and ancient, suitable for presentation in this 


manner, 
INTRODUCTION 


The increased importance of stratigraphic traps to future oil reserves focusses 
attention on methods of exploration applicable to such traps. Sedimentary char- 
acteristics in part control the localization of stratigraphic traps, and principles of 
sedimentation are playing an increasing role in exploration. Present methods, 
typified by isopach and regional stratigraphic studies, supported by sedimentary 
and stratigraphic principles, indicate the more promising counties or townships 
for exploration, but the problem is to narrow down the scale to the particular 
section. The methods of quantitative sedimentation afford one means of narrow- 
ing the attack by furnishing more complete pictures of sedimentary processes and 
characteristics. 

Within the past two decades advances in some fields of sedimentation have 
been very rapid. Techniques for the quantitative measurement of sedimentary 
attributes have been developed; the geological significance of particle properties 


1 This paper was presented under the auspices of the Distinguished Lecture Committee of the 
American Association of Petroleum Geologists during February-March, 1945. Manuscript received, 
May 31, 1945. 

2 Gulf Research and Development Company. At the time this paper was written, the author was 
senior geologist, Beach Erosion Board, War Department, Washington, D. C 
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is better understood; lateral variations within sedimentary environments are 
being studied; and a body of theoretical knowledge is being made available for 
application to practical geological problems. There is, however, a gap between 
theoretical studies and their practical application, partly because many sedi- 
mentary papers are concerned with specific problems of technique or analysis, and 
it is difficult to obtain an over-all view of the subject from them. To the extent 
that these specific advances can be related to trends in the science, however, gaps 
between theory and practice can be more successfully bridged. 

Several writers, among them Knopf (1),* Twenhofel (2), Trask (3), Pettijohn 
(4), and Levorsen ef al. (5) have discussed the past and future of sedimentation, 
and the consensus is that quantification of data is an increasing trend in sedi- 
mentary studies. The present paper offers a case for quantitative sedimentary 
petrology and indicates some of its possible uses in applied fields of geology. The 
main theme of the paper is presented in two parts. In the first the quantitative 
approach is illustrated by the study of particle properties, using roundness and 
sphericity as examples. The approach is extended to environments of sedimenta- 
tion to illustrate future applications of the method. In the second part are dis- 
cussed methods of presenting the numerical data on maps, to illustrate how ad- 
vances in the theoretical phases of the science are and may be converted to forms 
directly usable in applied geology. 


I. QUANTITATIVE APPROACH TO SEDIMENTARY PROBLEMS 


As an illustration of the manner in which the quantitative study of sediments 
progresses, the development of a specific line of inquiry may be sketched. Merely 
for convenience the writer uses some of his own data, with no implication that 
they are more than illustrative. The treatment is purposely kept rather general- 
ized, to emphasize the point of view rather than the specific examples. Among 
clastic sediments the properties of the individual particles are fundamental in 
determining their behavior, and hence in interpreting the past history of the 
sedimentary deposits. The interpretive aspects of sedimentation follow the de- 
scriptive, and in any sedimentary study certain basic descriptive data are needed. 
These include (a) the areal extent and thickness of the formation, (b) its geo- 
logical age, (c) its relation to other formations, (d) its textural and other varia- 
tions vertically and laterally, and (e) the history of its structural deformations. 
This information is obtained by standard methods of field mapping, paleontology, 
stratigraphy, subsurface correlation, and the like. With these data at hand, the 
more interpretive or inferential questions are considered. These include (f) the 
parent material and source area of the sediment; (g) the agent of transportation, 
and (h) the environmental conditions at the site of deposition. 

A pplication to particle properties.—It is with respect to the last three questions 
that quantitative sedimentation may play its greatest role, and here the properties 


3 See numbered references in bibliography at end of paper. 
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of the particles enter directly into the problem of reading sedimentary history. 
(For simplicity, only clastic sediments are considered here.) Certain particle 
attributes, such as size, shape, and mineral composition, were early recognized to 
be of importance, and more recently other attributes have received attention. 
In developing a systematic quantitative approach to particle properties, one may 
list all the attributes which are measurable, and from them select those which are 
important in sedimentation. Among the large list of geometrical, optical, crystal- 
lographic, chemical, mechanical, thermal, electrical, and magnetic properties 
which all particles have (6), the geometrical, chemical, and mechanical are most 
important from a sedimentary point of view. Experience has shown that six parti- 
cle properties are of basic importance: 


. Size (volume, sieve mesh, settling velocity, intercepts) 

. Shape (sphericity or equi-dimensionality) 

. Roundness (relation of corners and edges to particle as a whole) 
. Surface texture (pitting, polish, frosting, ef celera) 

. Mineral composition (includes density, hardness, et cetera) 

. Orientation (disposition of particle axes in space: fabric). 


Of these six attributes, only surface texture has not been quantified. This is 
probably due in part to a composite of several variables in the concept, which 
must be first isolated and defined. A similar situation existed for many years with 
the general shape concept, and some confusion is still extant regarding the sig- 
nificance of sphericity and roundness. These two latter properties will be discussed 
here as examples of the development of quantitative thinking about particle 
properties. 

Although Wentworth in 1922 (7) recognized the difference between flatness 
(shape) and roundness, it was Wadell in 1932 (8) who first showed systematically 
that two geometrically distinct variables are included in the general shape con- 
cept. These were defined as sphericity and roundness, and methods were presented 
for measuring them. The wide application of Wadell’s concepts awaited less time- 
consuming methods of measurement, and at present studies of sphericity and 
roundness play a prominent part in many sedimentary studies. Details of the 
original and later methods are given in the bibliography (9-19), but for present 
purposes a simplified two-dimensional approach is presented to develop the ideas. 

Figure 1 is a scattering of sand grains. To gain an impression of sphericity, the 
short and long intercepts through the particles may be compared, although in 
practice sphericity is usually measured as a three-dimensional concept. In particle 
a, the short axis is nearly as long as the long axis; the approach to equidimen- 
sionality is about 0.9. Particle 6, on the other hand, has a short axis about half as 
long as the longer axis, and the equidimensionality or sphericity is about 0.5. The 
sphericity concept is independent of the size and angularity of the particles. For 
roundness one compares the diameters of the corners or edges with the diameter 
of the largest circle that can be inscribed in the particle image. In particle c the 
average diameter of the smaller circles is about 0.4 that of the inscribed circle; 
hence the roundness is 0.4. In particle d the ratio of the end circles to the central 
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Fic. 2.—Exposure of flood gravel, Arroyo Seco, California. Cobble in 
left foreground is about 8 inches long. 


Fic. 1.—Sand grains, illustrating concepts of sphericity and roundness. 
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circle is larger, so that the roundness is nearly 0.9. Particle d, incidentally, has a 
sphericity of only about 0.5. By comparing other particles in the figure it may be 
seen that various combinations of sphericity and roundness occur. The large 
particle in the lower left has both high sphericity and high roundness. Roundness 
as a concept is geometrically independent of particle size and sphericity. 

Once quantitative definitions are set up, they may be applied to deposits in the 
field or to samples in the laboratory, and average sphericities and roundnesses 
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Fic. 3.—Histograms of size, sphericity, roundness, and fabric of gravel in Figure 2. 


determined. Figure 2 shows an exposure of flood gravel. In the conventional field 
approach notes are made on the thickness of the deposit, the presence of the open- 
work seam, the prevailing sizes of pebbles present, the poorness of the sorting, 
and so on. Quantitatively some of these and other observations can be recorded 
graphically or numerically by analyzing a sample. Figure 3 shows several histo- 
grams which translate the visual picture of the outcrop into quantitative data. 
The upper left histogram shows the size distribution, and indicates a deposit with 
average size 4.5 mm., poorly sorted. The upper right and lower left histograms 
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illustrate the contrast between the shape (sphericity) and roundness. Whereas 
the average sphericity is 0.7, the average roundness is only 0.4. The average 
particle in the deposit may therefore be visualized as a pebble about 5 mm. long, 
having an oval image in which the shorter axis is about 0.7 as long as the long axis, 
and with corners or edges having a diameter 0.4 times that of the inscribed circle. 
The lower right histogram illustrates another aspect of the deposit. It shows that 
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Fic. 4.—Sketch map of Arroyo Seco, Los Angeles County, California, 
showing area of Lowe granodiorite. 


the long axes of the pebbles are oriented on the average about 20° east of north, 
which is the upstream direction. Thus a perceptible but not marked imbrication 
is present. 

The significance of any outcrop increases as its relation to other parts of the 
deposit are studied. The gravel in Figure 2 occurs along Arroyo Seco (Fig. 4), 
located a short distance northwest of Pasadena, California, in the San Gabriel 
Mountains (20). Along its course the stream cuts an area of granodiorite, such 
that beyond tributary B in the figure no rocks of this type enter the main stream 
until point C is reached. Hence the progressive changes in granodiorite pebbles 
may be studied free of any contamination en route. Samples were collected at 
intervals along the stream from point A to point C, and Figure 5 shows the initial 
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and final samples of a restricted size of pebbles (16-32 mm.). Comparison of the 
two sets of pebbles shows that the initial sample has a low roundness (0.1), 
whereas the final sample is moderately rounded (0.4). With respect to the sphe- 
ricity, however, there is little change. In both sets of pebbles the average short 
axis is about 0.7 as long as the longer axis. Thus the series of samples shows a 
fourfold increase in roundness but essentially no change in sphericity. This 
demonstrates not only that roundness and sphericity are geometrically distinct, 
but that they behave differently under the same dynamic circumstances. This 


Fic. 5.—Granodiorite pebbles, Arroyo Seco. Left, from point A (Fig. 4); 
right, from point C. 


contrast in behavior is brought out in Figure 6, which is a graph of the average 
values of all the samples. It shows a nearly horizontal line for the sphericity, and 
a rising curve for roundness. From an initial steeper portion the roundness curve 
flattens to a trend at about 0.4. 

The problem raised by these relations is to account for a situation in which 
the roundness may change markedly without any important change in sphericity, 
as well as to examine why the roundness apparently approaches a limiting value. 
In part, the problem is one of abrasion, and experimental data on abrasion prove 
helpful. Figure 7 shows curves of size, sphericity, and roundness changes in rock 
particles during abrasion in a tumbling barrel (21). The striking feature is the 
rapidity of the initial change in roundness, with the marked flattening of the 
curve in later stages, in contrast to the slight sphericity change. The parallelism 
of the later portions of the roundness and sphericity curves is also apparent, and 
from mathematical analysis of the experimental data it is found that the limita- 
tion in rounding during later stages is partly controlled by the initial sphericity 
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and by the change in sphericity during the process. Thus it may be said (with 
some qualifications) that the rounding process is controlled by the sphericity, 
such that the greater the total sphericity change, the larger the value of the round- 
ness at any point along the curve. Thus what began originally as two separate 
geometrical concepts is seen to be two distinct dynamic concepts, with sphericity 
more fundamental than roundness even during abrasion. From the nature of the 
rounding curve, which flattens appreciably after its initial rise, it is apparent 
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Fic. 6.—Sphericity and roundness of Lowe granodiorite pebbles from Arroyo Seco. 


that the greatest significance in interpreting particle roundness will apply in the 
steep part of the curve, that is, near the source of the sediment. 

This brief discussion illustrates how the conversion of sedimentary observa- 
tions into numbers helps clarify the understanding of particle properties. Yet 
abrasion is only one aspect of particle behavior. The illustration given for Arroyo 
Seco is complicated by a second process which goes on in streams, the process of 
selective transportation. Particle size, shape, and density all influence particle 
transportation, so that selection during transport may proceed on the basis of 
all or any of these factors. In Arroyo Seco selective transportation was a factor, 
so that for a more complete understanding of sphericity and roundness, their 
relative behavior during transportation needs consideration. 

The effects of sphericity and roundness on particle transportation can be 
studied to a first approximation in the laboratory, using particles of a given size 
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Fic. 7.—Abrasion curves of limestone fragments (21). 


and density, but varying in sphericity and roundness. The writer attacked one 
aspect of the problem (22), using a sediment flume of the type shown in Figure 8. 
The equipment consisted of a wooden flume 22 feet long, about 6 inches wide, and 
about 1 foot deep. Water flows from a constant-head tank into a stilling basin 
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Fic. 8.—Sketch of sediment flume (not to scale). 
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which leads to the flume. The flow conditions are controlled by adjusting the 
slope, the tail-gate, and the discharge. The latter is measured by the weir over 
which the water flows after it leaves the flume and passes through a sediment 
basket to collect the particles. From the discharge and depth relations the average 
velocity of the water in the flume can be computed. 
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Fic. 9.—Particles used in flume experiment. Curved lines on graphs are lines of equal sphericity. 
(Stippled particles are used in Figure ro.) 


The particles used in the experiment were prepared from cement mortar, and 
consisted of two sets of forms as shown in Figure g. The first was a series of oblate 
spheroids (disks), prolate spheroids (rollers), and triaxial ellipsoids (blades), 
which progressively approached a sphere. The second set consisted of various 
arbitrary forms including a cube, several coin-like disks, and cylinders. In the 
experiments the behavior of each form was studied under varying flow conditions, 
from initial movement to movement under high velocities. Figure 10 shows the 
results for a selected set of particles. The vertical axis of the graph shows the 
ratio of particle velocity to water velocity, and the horizontal axis is a non-dimen- 
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sional number, the Froude Number,‘ which represents the flow conditions. In 
general, the larger the Froude Number on the graph, the higher the velocity and 
the energy state of the fluid in these experiments. 

The graph for spheres (the heavy solid line) indicates that no movement 
occurred until a critical energy state was reached, represented by F,, at which 
point movement began abruptly, with a velocity 0.4 that of the water. At in- 
creasing water velocities the ratio increased, rapidly at first, and then more 
slowly, toward a limiting value of about 0.9. The lighter lines in the figure repre- 
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Fic. 10.—Non-dimensional graph of particle movement in flume. 
Letters refer to forms stippled in Figure 9. 


sent other forms of lower sphericity and indicate that each one has a similar 
behavior pattern. Motion begins at successively higher energy states, and at lower 
initial velocity ratios, but toward the limiting value all the curves merge to about 
the same limit. The distribution of the curves is almost wholly a function of the 
sphericity, and is essentially independent of roundness. Thus in the dynamics of 
particle movement as well as in the dynamics of abrasion, the sphericity is more 
fundamental than the roundness. 

An interesting feature of Figure 10 is the insight it affords into the conditions 
of selective transport during traction movement. At low values of the Froude 

4 The Froude Number is a non-dimensional flow parameter which summarizes flow conditions 
when gravitational or inertial forces are more important than viscous forces. It is expressed as 
v/»/gy, where v is the velocity of the fluid, y is the depth, and g is the acceleration due to gravity. 


od details of the Froude Number and other non-dimensional flow parameters, see Rouse (23), 
chapter rf. 
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Number the several curves spread out, whereas at large values they all merge 
into a common trend. Thus the chances of shape selection are best at low energy 
states, whereas at high energy states all the particles move regardless of shape. 
(The same situation holds for size selection, as other data show, but space limita- 
tions prevent the development of the theme here.) In short, selective transport 
during traction at least is a function of low velocities whereas large mass trans- 
port is a function of high velocities. This principle is amply illustrated by the 
flood deposit of Figure 2, which is poorly sorted with respect to size at least. 
During floods the discharge, velocity, and energy state of the stream are large; 
the lower energy state of the stream since the flood has resulted mainly in some 
reworking and better selection of the poorly sorted flood deposits. 

Knowledge of the dynamic aspects of sphericity and roundness is by no means 
complete, but as knowledge increases, it narrows down the interpretive phases of 
these properties. It appears safe to say at present that sphericity is an important 
dynamic attribute of particles, whereas roundness is a second order factor in some 
aspects of particle behavior. Roundness is a very sensitive index of abrasion in 
the early stages of particle wear because corners and edges can be worn down with 
only slight changes in sphericity and size. However, the higher the value of the 
roundness, the more slowly does it increase, so that beyond the initial stages 
there may be relatively little diagnostic value to this property. The picture is 
partly clouded by the fact that during selective sorting by size or shape, particles 
of low roundness may outstrip those of higher value, if low roundness is associated 
with the selected particles. Thus, apparent reversals of rounding may be ob- 
served (24). Although data on the subject are scant, it is the writer’s present 
opinion that in most normal processes of sedimentation the selective effects are 
far more important than the abrasive effects in accounting for observed changes 
in size and sphericity, and perhaps even roundness. 

Progress in the study of sphericity and roundness has been paralleled by 
progress in other particle attributes. Particle size has been the subject of con- 
siderable dynamic study, much of which is in the engineering literature (23, 
chapter 14, discusses the larger aspects). Particle orientation has been extensively 
studied recently (25, 26); and work on the mineralogy of sediments is relatively 
advanced (27, 28, 29 are examples of trends). Perhaps the most neglected field 
from a quantitative point of view is surface texture, which affords an excellent 
field for research. As work on particles progresses there is an increased recognition 
of the inter-relations among particle properties, with a growing realization that 
all the properties of particles may require consideration in sediment interpreta- 
tion. It is established, for example, that in both traction and suspension transport 
the settling velocity of the particle is of basic importance. Settling velocity in 
turn depends upon the size, shape (sphericity), and density of the particle, so 
that these three properties control particle behavior under given dynamic condi- 
tions. Sorting may take place on the basis of any of these three. Size is probably 
the most common basis of selection, but shape and density may be even more 
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important in special circumstances. Roundness and surface texture, on the other 
hand, are of little significance in particle transport, but angular particles respond 
rapidly to abrasion, and surface texture responds to abrasion and solution. 
Roundness is important in questions of distance from source, and surface texture 
may reflect, among other things, some post-depositional changes. Heavy-mineral 
studies shed light on source areas and post-depositional changes. Particle orienta- 
tion, finally, is a function of other particle properties and of the conditions of 
transportation and deposition (30). The significance of particle properties, in 
terms of those most affected by abrasion or most directly concerned with the 
selective process, is given in the following table (31), in which XXX represents a 
strong effect, and — is negligible. 


Property Abrasion 


Size ».¢ XXX 
Shape (sphericity) x 

Density 

Roundness XXX 
Surface texture XXX 
Orientation 


As work on particle properties continues, relations among the several proper- 
ties help explain observed variations. The relations between size and roundness, 
or between roundness and sphericity, shed light on problems of abrasion and 
selective transportation. Pettijohn (4) discusses a number of the inter-relations; 
some field examples are given by Pettijohn and Lundahl (32). 

Paralleling the development of quantitative techniques for studying particle 
properties are methods of graphic presentation and statistical analysis. At present 
there is little tendency toward complete standardization of statistical methods, 
but considerable progress has been made toward the recognition that conventional 
statistical devices, tied in with the background of statistical theory, are to be 
preferred to arbitrary measures. Quartile and moment measures (12, chapters 8 
and g) are on the whole superseding such measures as equivalent grades and fine- 
ness moduli. The popularity of the quartile approach rests partly on its graphic 
nature, but recent developments in graphic determination of moment data by 
Otto (33) largely eliminate this factor. The development of statistical thinking 
has followed a path similar to that of particle properties, inasmuch as the stages 
include the setting up of definitions, the development of graphic or computa- 
tional techniques, the study of the geometrical meaning of the measures, and 
finally their use in the dynamic study of sedimentary processes. It was discovered 
also that the same kinds of statistical measures developed for particle size applied 
equally well to sphericity, roundness, and orientation, so that a common back- 
ground of geometrical principles applies to all. 

An extension of the quantitative study of particles is the study of mass proper- 
ties of the sediment, which depend upon the aggregate of particles. Here are in- 
cluded porosity, permeability, color, compactibility, et cetera. Each of these is a 
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function in part of the individual particle properties plus such added factors as 
degree of packing, water content, and so on. The relation of the mass properties 
to the individual properties is only partly known, and although mass properties 
may usually be measured directly, an understanding of their degree of depend- 
ence on particle properties aids considerably in the interpretation of mass varia- 
tions in sediments. For example, it is possible for the permeability to increase as 
the average particle size decreases, providing the sorting improves at a certain 
rate with decreasing size (34). In similar manner, the dependence of mass proper- 
ties on variations of particle shape and orientation offers fertile fields for study. 

Extension to environments of sedimentation.—In the final analysis, it is not 
until the quantitative approach is explicitly applied to environments of sedi- 
mentation that a complete understanding of the dynamics of sedimentary varia- 
tion can be achieved. In addition to the progressive changes which occur in 
particle properties due to abrasion and selective sorting, variations occur in such 
mass properties as porosity, permeability, thickness, faunal content, organic car- 
bon content, and other features. By relating these changes to the physical and 
chemical conditions of the environment, as well as to energy transformations in 
the environment, a more dynamic picture of sediment behavior can be obtained. 

One approach to dynamic environmental studies can be made by adopting 
the “closed system” point of view of the more exact sciences. By definition a 
closed system is one in which the boundary conditions and the total energy of 
the system are known, and in which the transformations of matter may be ob- 
served and measured. Typical sedimentary environments which may be studied 
by such an approach include drainage basins, beaches, tidal lagoons, lakes, bays, 
dune areas, et cetera. In each system the boundary conditions may be defined by 
the limiting land forms, although any environment or part of an environment 
may be defined by arbitrary bounds, providing that the flow of energy and mate- 
rials across the boundary is included in the study. In a typical environment the 
sediment is derived from some source; it is carried from the source to the point 
of deposition by some agent; and the agent which carries it is energized in some 
manner or other. During the process both erosional and depositional land forms 
are developed. Thus the study of any environment includes a study of the follow- 
ing three factors: 

1. The boundary conditions of the system 


2. The materials of the system 
3. The energy of the system. 


The boundary conditions and the energy flow set the conditions for sedi- 
mentary phenomena within the environment. The boundary conditions are im- 
portant in controlling the distribution of energy within the environment, and 
they themselves may be changed by the very processes which they confine. 
Continued erosion along points of high energy application and deposition else- 
where may change the boundary conditions sufficiently to modify the energy 
pattern, thus progressively modifying the details of the processes. The materials 
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in the environment are selectively sorted and abraded during their movement, 
and the nature and extent of the movement are controlled by the energy pattern 
and the boundary conditions. Thus all three factors are intimately related, and 
through their mutual interaction the sediments are distributed in typical pat- 
terns over the environment. These patterns of sedimentary characteristics, then, 
should directly reflect the dynamic conditions of the environment; that they do is 
taken as a basic assumption in all sedimentary studies. 


Quiet water 


BARATARIA BAY 


Fic. 11.—Portion of Barataria Bay, Louisiana, showing geological processes. 

That the assumption holds can be demonstrated qualitatively, and it could 
be more rigorously demonstrated if data were at hand to construct an energy- 
flow pattern for any given environment. By expressing the energy as its gradient, 
a map could be constructed showing the areas in which the energy is used either 
in moving the sediments or in turbulence or similar phenomena. The writer knows 
of no such map in the literature, but it is possible to visualize an example from 
the situation shown in Figure 11, which is a portion of Barataria Bay (31). The 
several geological agents which operate in the environment are indicated. Wave 
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energy from the Gulf is concentrated along the barrier beach, and current action 
due both to waves and tides is prominent in the nearshore zone. In addition, tidal 
currents move into and out of the bay through the inlet, and follow the channels 
within the bay. Away from the channels in quiet water little work is done in 
shifting the sediments. Finally, wind work is effective across the barrier in moving 
and re-sorting the beach sand. 

The representation of the energy flow would require three diagrams, one for 
each agent (waves, currents, wind), but if the wind work is neglected, the other 
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Fic. 12.—Sediment maps of Barataria Bay. Left, average size (medians); 
right, sorting index (logarithmic). 


two could be combined into an approximate map which would show lines of 
equal energy dissipation arranged roughly parallel with the Gulf shore, with in- 
creasing values toward the barrier, and with the highest area along the barrier to 
represent the large energy losses in the zone of breaking waves. Lines of equal 
energy dissipation would also enter the inlet and extend along the channels, di- 
minishing in value along the channels and to the sides. Thus the net result would 
be a map with its lines of highest value along the barriers; with intermediate 
values in the Gulf section and along the channels; and with lines of least value in 
the quiet waters of the bay. The pattern would resemble the depth lines in Figure 
11, except that the energy losses along the channels are greater than in the quiet 
water, whereas the channels themselves are deeper than adjacent parts of the 
bay. 
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The degree to which these dynamic conditions are reflected by the sediments 
is shown in the maps of Figure 12 (31), which indicate the variations of average 
sediment size and degree of sorting over the environment. The maps were made 
by collecting bottom samples on a grid system laid over the bay, analyzing them, 
and plotting the corresponding size and sorting values at the sampling sites. 
Lines of equal value were then drawn through the points, which yielded the pat- 
terns shown. An examination of the maps in terms of the energy discussion shows 
a fair agreement, and demonstrates that the coarser and better sorted sediments 
are associated with areas of higher energy application, whereas the finer and less 
well sorted sediments are associated with areas of lower energy loss.® If it is uni- 
versally true for environments that patterns which reflect the dynamic conditions 
agree with patterns of sedimentary properties, an important point is gained, be- 
cause then from ancient sediment patterns it should be possible to reconstruct 
energy flow and energy losses within ancient environments. That this is likely to 
be the case is suggested by the fact that much of the energy in natural sedimen- 
tary processes is dissipated through friction, so that the essentially kinematic 
patterns of sediment distribution may well yield the corresponding dynamic pat- 
terns. 

The, relations between sediment patterns and energy or process patterns 
afford an insight into the combinations of factors which produce sediments of 
given characteristics. It is well known that a single environment may produce a 
variety of sediments, and that different environments may produce the same kind 
of sediment at least locally. An understanding of the laws which govern these 
differences or similarities will inevitably furnish a basis for more universal prin- 
ciples of sedimentation than are now available. It is also possible that areas of 
greater energy dissipation are closely related to areas in which the most rapid 
sedimentary changes occur, and these in turn may be directly or reciprocally 
related to favorable sites for oil localization due to stratigraphic causes. Complexi- 
ties enter the picture when the methods are applied to ancient sediments because 
post-depositional changes and other factors may locally control the situation; 
this point is discussed later. 

The present state of knowledge in sedimentation may be summarized as one 
in which facts are accumulating at a faster rate than present principles can absorb 
them. The result is a series of apparent contradictions and a state of flux in sedi- 
ment interpretation. To a large extent it is not yet recognized that the variability 
of some sedimentary phenomena over short distances is not an indication that the 
sediments are chaotic, but rather that the scale of the variations is smaller than 
our sampling interval. The problem is essentially statistical, and sampling theory 
can be used to solve the problem of the proper interval to disclose variations or 
trends (35, 36, 37). As the quantitative approach furnishes a better understanding 


5 This relation does not contradict the earlier discussion regarding selection at low energy states. 
The areas of maximum energy dissipation in the present example correspond with low or intermediate 
values of the Froude Number in Figure 10, and in addition, problems of both traction and suspension 
transport enter the Barataria Bay picture. 
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of the dynamics of sedimentary behavior, it will be recognized that what appear 
to be contradictions of fact may be in some instances deviations about an un- 
known average, due to large or small scale variations in the dynamic conditions. 
The net result should be an increasingly integrated group of facts, with present 
principles modified or broadened to account for present apparent discrepancies. 
There is little question that the trend toward more complete quantification of 
sedimentary data will continue, especially as knowledge already gained becomes 
absorbed into current geological thinking. 

Progress in theoretical sedimentation becomes valuable in applied fields of 
geology when the theoretical data are translated into forms which may be di- 
rectly used. A theoretical equation may be of little direct value unless it is im- 
plemented with techniques or devices which permit its application to a variety of 
problems. The recent trend toward much more rapid methods of sedimentary 
analysis is a step in this direction. Another is the increasing realization that the 
data of quantitative sedimentation are mappable. 


2. APPLICATION OF QUANTITATIVE DATA TO APPLIED PROBLEMS 


Contour-type map and its properties.—In a recent article Kay (38) presented a 
classification of maps for stratigraphic and structural studies. His grouping in- 
cludes the following types. 

Paleogeographic maps 

Paleogeomorphic maps 
Paleolithologic maps 
Paleobathymetric maps 
Paleoclimatologic maps 
Paleo-oceanographic maps 

Isopachous maps 

Paleogeologic maps 

Palinspastic maps 

According to Kay, a map is geographic if it portrays conditions at a single 
time, and stratigraphic if it covers a span of time. Maps which present quantita- 
tive sedimentary data may be in either category, depending upon the quantities 
measured. A map of the size distribution of bottom sediments within a bay may 
be geographic, whereas a map of the thickness of an ancient deposit may ke 
stratigraphic because it covers the entire time of deposition. Distinction between 
the two types may be difficult in a given instance, but on the whole the maps to 
be discussed are geographic rather than stratigraphic. 

When characteristics of sediments can be converted to numbers, they may be 
used to prepare contour-type maps of the kind illustrated in Figure 12. These 
maps, which have lines connecting points of equal magnitude, are properly re- 
ferred to as “‘isopleth” maps, but in terms of Kay’s classification they are in the 
paleolithologic group, and the lines are called ‘‘isoliths” (39). An isolith is a line 
of similar lithology based on color, texture, or composition. Isolith maps may 
range from generalized forms showing the distribution of rock facies to detailed 


maps based on numerical data. In the present discussion such maps are not con- 
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fined to ancient sediments, as the term paleolithologic implies; the term isolith 
of course has no age connotation. Kay includes isopach maps in a separate cate- 
gory whereas such maps are also isopleth maps inasmuch as lines are drawn 
through points of equal thickness. Thus the present discussion cuts across Kay’s 
grouping to some extent, and merely reflects the fact that his classification is 


3 
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Fic. 13.—Generalized contour-type map. Numbers arbitrary, to indicate 
relative values of lines. 


based upon use, whereas the writer’s treatment is based upon similarity of con- 
struction and of geometrical properties. 

The necessary data for constructing contour-type maps include a series of 
values of a given variable (average size, thickness, e¢ cetera), each associated with 
a specific geographic and stratigraphic location. The known values should be 
spaced closely enough over the area to bring out at least the overall trends in the 
data. The geometrical properties of all such maps are the same as those of an 
ordinary contour map, so that the same principles of geometrical interpretation 
can be used, with due allowance for the differences in the physical attributes 
shown on the map. Figure 13 is a generalized contour map, with arbitrary num- 
bers to indicate the direction of increasing values. If the numbers represent eleva- 
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tions it is an ordinary contour map; if they represent thickness of sediment it is 
an isopach map; if they represent average particle size it is a size map, and so on. 
The important point is that in each instance the lines are lines of equal magnitude 
or quantity, and they are related to their neighbors by some constant difference, 
sum, product, or power. Hence each map represents a surface, with the spacing 
of the lines inversely proportional to the slope of the surface. Figure 14 is a model 
of the surface corresponding with Figure 13. It is a very generalized size surface 
of part of Barataria Bay (roughly the central part of Figure 12, left) and is so con- 
structed that the height of any point above the base is proportional to the 


Fic. 14.—Model of generalized map of Figure 13. 


average particle size of the sediment at that point. The coarsest sediments may _ 
be seen along the barrier, with the tongue of intermediate sizes extending along 
the lagoon channel from the inlet, and the finer sizes off to the sides and locally 
near the inlet. 

Surfaces such as these have certain geometrical properties also. For example, 
if Figure 14 were a landscape, rainwater falling upon it would run downslope at 
right angles to the contours, because a line normal to the contour at any point 
is the direction of maximum slope at that point. By drawing a series of normals on 
such a surface or its map, Figure 15 is obtained, which shows the lines of maximum 
slope superimposed on the lines of equal magnitude. For a land surface these 
arrows indicate the directions of surface runoff; for other sediment properties 
the lines of steepest slope may also have a physical significance. For example, if. 
Figure 15 is a size map, then the directions of most rapid change of permeability 
extend upslope along the slope lines. This relation follows from the fact that 
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permeability increases as the square of the average diameter (34) and the di- 
ameters increase most rapidly upslope. Thus it would be possible to construct a 
permeability surface from the size surface if average sorting were known, and in 
the absence of cementation. In fact it is interesting to note that the several sur- 
faces representing various dynamic attributes of the sediments would all be 
similar, and would differ mainly in steepness and height. Thus Figure 14 is also 


Fic. 15.—Lines of maximum slope superimposed on generalized contour-type map. 


a surface of the energy dissipation in the environment, as may be seen by re- 
calling the earlier discussion. 

In some instances at least it is also possible to apply reasoning based on the 
theory of the potential to such surfaces. Potential theory finds wide application 
in hydrodynamics, electricity, magnetism, and heat flow. A velocity potential, 
for example (23, chapter 4), is a quantity or function whose rate of change in 
any direction is the component of the velocity in that direction. Moreover, the 
direction of motion is always normal to a surface of constant velocity potential, 
so that the potential surface cuts all streamlines at right angles. Thus where the 
reasoning applies, the contour lines represent the potential surface and the lines 
of maximum slope correspond with the streamlines. The significant point is that 
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where the relation holds rigorously the background of reasoning associated with 
potential theory may be woven into the map interpretation. In those instances 
the contour surface based on a given variable will have associated with it some 
other physical concept related to the slope lines. The writer plans to develop 
this topic more fully at a later date. 

An important point in the extension of contour-type maps to sedimentary 
data is that although the preparation of such maps may require training in sedi- 
mentary technique, the interpretation of the maps follows standard lines of geo- 
metrical reasoning. Hence the general geologist, skilled in map interpretation, 
may find much of value from the maps in conjunction with other geological data 
bearing on his particular problem. Just as a series of principles has been developed 
for the interpretation of contour maps of land surfaces, so may a similar set or 
sets be developed for the study of sedimentary maps. In using such maps to nar- 
row down exploration possibilities for stratigraphic or sedimentary traps, for 
example, it may well be that particular groupings of the sedimentary contours 
may be significant. Where rapid changes in sedimentary attributes result in 
closer spacing of the lines, they may indicate that other features are changing 
rapidly also. In short, it may be the steeper slopes or the margins of the steeper 
slopes which may be significant in the search for sedimentary-stratigraphic oil. 
Moreover, these areas of rapid change may show typical closed lines, so that “‘at- 
tribute highs” instead of structural highs, may afford the magic closed contour 
for sedimentary-stratigraphic exploration. 

Classification of contour-type sedimentary maps.—Contour-type (isopleth) 
maps of sedimentary data range from general maps presenting an overall picture 
to detailed maps of specific attributes. A stratum of sandstone may be converted 
into values of thickness, mean size, sorting, heavy mineral content, permeability, 
et cetera, and each of these used as the basis for a contour-type map. Such maps 
are factual in that they present the observed areal variation of a chosen attribute, 
but more or less interpretation is necessarily included because incomplete data 
may require interpolation or extrapolation. Similarly, when a thick section is used 
as the basis for the map, the average values inject a stratigraphic element into 
the maps, which may indeed be advantageous in some studies. 

The following classification indicates the range of possibilities in contour-type 
maps of sediments. The classification is not to be considered a rigid system; the 
groupings are made to suggest family relationships rather than categories into 
which a map either falls or does not fall. Examples are cited in each group, 
but the particular literature references are mainly illustrative. Some of the 
data have never been presented in map form as far as the writer is aware, 
but their unquestioned inclusion in the general classification suggests their pos- 
sible usefulness for shedding additional light on sedimentary and allied prob- 
lems. 

a. Generalized regional maps.—This group includes maps which show regional 
features, usually generalized and on a small scale. Strictly speaking, such features 
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should be shown as lines of equal magnitude to be classified here, but there is 
necessarily an indefinite limit to the class. A map of sediment variation showing 
areas of clastic and non-clastic facies separated by an isolith is a very generalized 
contour map with one contour line. Regional stratigraphic maps, which show by 
gradations the areas of lime, shale, and sand, belong-here; such data could be 
expressed as lines of equal percentage of lime, shale, or sand in the section. Hale 
(40) shows the lithologic changes in the lower Mississippian limestone of western 
Michigan, based partly on glauconite content. In this group belong also paleo- 
geographic maps which can be constructed on lines of equal value; Jager (41) 
has an example of a paleogeomorphic map. 

b. Maps of particle properties.—Here are included a large group of maps which 
show the areal variations of measured attributes of sedimentary particles. Size,® 
shape (sphericity), roundness, surface texture, and orientation (petrofabrics) 
are generally recognized as the more significant. Mineral properties are treated 
separately below. Particle maps may indicate not only average values of the par- 
ticle attributes, but also a host of other statistical parameters. For each particle 
property there is an average, a measure of spread (“sorting”), a measure of 
asymmetry (skewness), and a measure of peakedness (kurtosis). Surface texture 
cannot at present be expressed numerically, but lines of equal percentages of 
polished or frosted grains could be drawn. Maps of size attributes are most com- 
mon, but others are beginning to appear. Shepard and Cohee (42) and Pye (43) 
show average size maps; Krumbein and Aberdeen (44) present a sorting map; 
Krumbein and Griffith (45) have a skewness map; and the same paper contains 
a map of average particle sphericity. The writer knows of no maps in the litera- 
ture which present particle roundness or orientation. 

c. Maps of mass physical properties——This group includes maps based on 
aggregate properties of sediments, such as porosity, permeability, color, average 
density, and thickness.” Some geophysical maps are included in this group, to the 
extent that they indicate average physical properties through a section. Maps of 
the areal variation of seismic wave velocities or the electrical properties of a 
stratum are examples. Isopach maps are the most common in this group (Lee, 
46, has examples) and although permeability maps are frequently used, the 
writer knows of only one (47) in the literature. 

d. Maps of mass chemical properties—A large number of maps is possible in 
this category, inasmuch as any measurable chemical attribute may be mapped. 
One may map the percentage variation of a given element, for example, or of a 
given compound. Various ratios, as the Ca/Mg ratio or its reciprocal, may be 
useful in indicating the change from limestone to dolomite, with all the implica- 
tions which such change includes. Maps of insoluble residues (48); of degrees of 


6 Shepard and Cohee (42) introduced the term “isomegathy” for lines of equal average particle 
size. The writer is non-committal about the development of individual names for each of the infinite 
variety of contour-type maps. 


7 Some isopach maps may be more appropriately classified in group a than here. 
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cementation (49); of radioactive content; of organic carbon content (50); isocarb 
maps (51); and many other possible types, are included here. 

e. Maps of mineralogical properties—Heavy-mineral data lend themselves 
well to the preparation of contour-type maps. The percentage of heavies (52); 
or the percentages of particular species; or ratios among various species (say 
non-resistant to resistant) may yield interesting information. Smithson (53) 
plotted certain diagnostic minerals to study the effects of post-depositional 
changes on mineral patterns. The cementation map mentioned in d may be in- 
cluded here if the mineral content of the cement (calcite versus quartz, for exam- 
ple) is emphasized. The facies change map of Hale (40), mentioned in the first 
group, could presumably form the basis for a map showing lines of equal glau- 
conite content. 

f. Maps of associated geological processes——This group includes maps of the 
type mentioned in connection with Figure 11, showing the energy conditions 
within an environment. Maps of wave refraction give evidence of energy flow to 
a shore or beach (54, p. 75, is an example). Maps of current distribution, velocity 
variations, and the like, may be valuable for indicating relationships with sedi- 
ment patterns. For example, a map of the detailed variations in flow parameters 
of a stream, related to a map of average sediment size, may account in part for 
the observed rapid areal variations in stream deposits. Maps of energy distribu- 
tion and dissipation are necessarily confined to modern environments, but in some 
instances they may be reconstructed from sediment patterns, as pointed out 
earlier. 

g. Maps of associated fauna and floraa—Many biologic and paleontologic 
features can be presented on contour-type maps. Examples which suggest them- 
selves include maps with lines of equal population density (number of fossils per 
unit volume of sediment) based on whole faunas or particular species. Maps of 
variations in faunal assemblages, expressed numerically as percentages or other- 
wise, from fresh to salt water in an estuarine environment, would be instructive in 
indicating degrees of variation and overlaps. Such maps would prove useful in 
establishing principles of correlation across facies changes. The writer is not 
aware that maps in this group have been published. Maps by Davis (55) of the 
distribution of species on the Tortugas Keys, and maps by Foerste (56) of the 
distribution of fossils, are approaches to this type, but they do not show lines of 
relative abundance. 

h. Maps of associated fluids.—The fluids contained within the sediments con- 
stitute part of the sedimentary or post-depositional record. Per cent saturation 
of pore space with oil, gas, or water, are examples. The A.P.I. gravity of the oil 
or the specific gravity directly, afford instructive maps. The earliest example, 
based on Beaumé gravity, was published in 1919 by Tough, Willison, and Savage 
(57). This map is reproduced here as Figure 16; it is interesting in connection with 
the earlier discussion because it resembles a landscape with valleys and hills and 
illustrates the underlying geometrical similarity of many contour-type maps. 
Plummer and Sargent (58) show maps of equal salt content of Woodbine sand 
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waters; Schneider (59) has a map of edgewater relations; and Shea (60) shows 
maps based on the percentage of water produced with the oil. Bottom-hole-pres- 
sure maps are common (Weeks and Alexander, 61, show examples); other maps 
include initial yields of open flow lines. The chemical constituents of gas or oil 
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Fic. 16.—Map of Beaumé gravity of oil in Flat Rock pool, Illinois (57), 
to illustrate landscape-like quality. 


furnish the basis for yet another series of maps (62); and Price and Headlee 
(63) have a map of the thermal value of natural gas. Many of these maps are 
used for engineering and reserve-estimate purposes, but it is obvious that such 
maps can aid in solving sedimentary problems also. Geochemical exploration 
maps which show lines of equal hydrocarbon content of soils or sediments, belong 
to this group also. 
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i. Maps of associated structures—Sediments are commonly discussed in 
terms of texture, composition, and structure. Among structural features of sedi- - 
ments are bedding, cross-bedding, ripplemark, concretions, ef cetera. Maps based 
on ripple orientation or on the orientation of cross laminations (64) may bear on 
directions of currents, shoreline trends, and the like, as Kay (38) points out. Maps 
of the structural attitude of the sedimentary beds also belong here; the widely 
used structure-contour map is an example. 

j. Maps of attribute combinations.—Several ratio maps have been mentioned, 
such as the Ca/Mg map, but there is a whole series of maps based on combinations 
of properties (sums, differences, products, ratios), not necessarily within any 
single group of attributes. Thus, Weeks and Alexander (61) show a map based on 
the product of porosity and sand thickness. The map of cementation by Torrey 
(49), mentioned earlier, has on it the initial yields of wells, which expresses the 
combination idea, although no ratio or product was used. Other maps may be 
based on non-dimensional ratios, such as average particle size divided by thick- 
ness, or permeability in darcys divided by thickness squared. The direct compari- 
son of a series of individual maps serves some of the same purposes as the com- 
bination maps, but the combination maps may bring into bolder relief contrasts 
or similarities among attributes, thus focussing attention on particular areas. 
As in all other fields of geology, it is the convergence of evidence which is impor- 
tant. An isopach map may show some relation between thickness and known oc- 
currence of oil, but the data are strengthened if maps of permeability, cementa- 
tion, average particle size, and others, are available. The writer has suggested 
that it would be profitable to examine a known petroliferous area or stratigraphic 
pool by plotting the known occurrence of oil on a whole series of sedimentary 
maps to detect some of the factors which may have controlled the localization 
of the oil. Although such a study may be largely historical in terms of oil, two 
possible byproducts may be the discovery of additional prospects in the same 
area, and a set of principles which could be used in exploring new territory. 

Perhaps the main point to be emphasized in this presentation is that there 
exists a large family of maps of sedimentary attributes, many of which have al- 
ready demonstrated their usefulness. The writer submits the thesis that other, 
as yet unmapped attributes, may prove equally useful by reflecting the dynamic 
conditions of sedimentation or significant post-depositional changes. It is not 
possible, in the present state of knowledge, to predict which particular maps will 
be most significant in a given situation. 

Maps of recent and ancient sediments.—No distinction was made between maps 
of recent and ancient sediments in the preceding discussion. The study of recent 
sediments has the great advantage from a theoretical viewpoint that the medium 
of transportation and deposition is still present, and the flow of energy and mate- 
rials over the environment may be directly observed. Moreover, samples may be 
collected at intervals as small as desired, and problems of post-depositional change 
are negligible. Work with ancient sediments, on the other hand, is handicapped by 
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a lack of sufficient samples; by the complete absence of the agents which produced 
the deposit; by post-depositional changes in composition and texture; by erosion 
and dislocation of the strata; and by problems of correlation. As far as possible 
the post-depositional features must be eliminated to obtain the original patterns 
of sediment variation, and the environment of deposition must be wholly recon- 
structed by inference. 

Some workers in applied geology are of the opinion that ancient sediments 
should be studied in preference to recent ones, on the ground that the results will 
be more directly applicable to the search for oil. However, it is only from a study 
of recent sediments that undistorted variation patterns can be obtained and be 
directly related by observation to the dynamic environmental factors. The pat- 
terns of modern environments and their sediments furnish the basis for evaluating 
ancient patterns and for eliminating or correcting for some of the post-deposi- 
tional changes. An ideal arrangement would be to have a wide background of 
factual and theoretical data available on recent environments which could be 
drawn upon for the interpretation of ancient patterns. Thus, more complete 
knowledge of what takes place in a present-day tidal lagoon environment in terms 
of energy processes and sediment variation, as well as of faunal assemblages, 
would be of inestimable value in the exploration of similar environments of the 
past. 

CONCLUDING REMARKS 


This paper contains numerous philosophical remarks which may not be ap- 
propriate to a scientific paper. However, during his lecture tour the writer sensed 
the need for an over-all presentation which would help crystallize the point of 
view which leaders among petroleum geologists have advocated: the need for new 
ways of thinking about oil discovery. The writer was encouraged in preparing this 
paper by numerous suggestions and by the favorable response of his audiences. 
Some changes have been made in the manuscript version, but the underlying 
point of view remains the same. 

The writer intends no implication that sedimentation alone affords the key 
which will unlock the door to sedimentary-stratigraphic traps, but he does insist 
that there remain many lines of attack which have the known merit that they 
will shed additional light on complex sedimentary problems. To the extent that 
such new light is integrated with stratigraphic and paleontologic evidence, and 
is absorbed into current geological thinking, it may well contribute to a renais- 
sance of geological methods for finding oil. 
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MARINE JURASSIC FORMATIONS OF SWEETGRASS ARCH, 
MONTANA! 


W. A. COBBAN? 
Billings, Montana 


ABSTRACT 


The marine Jurassic rocks of the Sweetgrass arch in western north-central Montana have been 
assigned to the Ellis formation. As a result of measuring and sampling eleven Jurassic sections around 
the Sweetgrass arch and from examining numerous well cuttings, the writer concludes that the Ellis 
consists of three major lithologic divisions that should be recognized as formations, and that the Fllis 
should be raised to group rank. The formations of the Ellis group from oldest to youngest are herein 
named Sawtooth, Rierdon, and Swift. 

The Sawtooth formation consists of three members, a basal fine-grained sandstone, a medial 
dark gray shale containing a few dark limestone beds, and an upper member of light gray calcareous 
siltstone, fine-grained sandstone, or sandy, odlitic limestone. The Sawtooth is as little as 8 feet in 
thickness on the Kevin-Sunburst dome. It thickens eastward to 200 feet in the Sweetgrass Hills and 
westward to about 200 feet along the Rocky Mountain Front. The formation is absent over most of 
the South arch. The lower two members pass into redbeds east of the Sweetgrass Hills and on the 
southeast flank of the South arch. 

The Rierdon formation consists mainly of gray limy shale and nodular limestone. It seems to over- 
lie the Sawtooth formation conformably. It is as little as 72 feet in thickness on the Kevin-Sunburst 
dome, but thickens eastward to 180 feet in the Sweetgrass Hills and westward to about 200 feet along 
the Rocky Mountain Front. The formation is absent over most of the South arch. 

The Swift formation is composed of two members along the Rocky Mountain Front and eastward 
across the Kevin-Sunburst dome at least as far as the Sweetgrass Hills. The lower member is dark 
non-calcareous shale, highly glauconitic at the base. The upper member is gray fine-grained flaggy 
glauconitic sandstone containing abundant black-gray micaceous shale partings. On the South arch 
the formation consists of fine-grained flaggy sandstone which is locally pebbly at the base. In the 
vicinity of the Little Belt Mountains the formation is massive fine-grained sandstone containing a 
prominent basal conglomerate. The Swift attains its maximum thickness of 166 feet in the Pondera 
field. The formation has been removed by pre-Kootenai erosion from most of the Cut Bank area, 
and from a sma'l area west of the Whitlash field. 

All the formations are fossiliferous. According to Imlay, the Sawtooth is upper Bathonian, the 
Rierdon is upper Bathonian and Callovian, and the Swift is Divesian and Argovian. 

The South arch was an island through most of the Bathonian and Callovian stages. At the close 
of the Callovian the marine waters retreated from the area. During the early Divesian the Sawtooth 
and Rierdon formations were locally thinned by erosion and possibly removed from some areas. Later 
in the Divesian marine waters transgressed the entire area and remained until the close of the Argo- 
vian. 


INTRODUCTION 


All, or most, of the marine Jurassic rocks of the Sweetgrass arch in western 
north-central Montana have been assigned to the Ellis formation. The Ellis 
rests unconformably on marine Mississippian beds and is overlain conformably 
by Upper Jurassic continental deposits (Morrison) or unconformably by Lower 
Cretaceous continental deposits (Kootenai). Geologists have had little or no 
difficulty in delimiting the base of the Ellis over most of the Sweetgrass arch. In 
contrast, the upper boundary has been placed at a number of stratigraphic levels. 
In the southern part of the area continental Upper Jurassic beds have been in- 
cluded with the Ellis, and in the northern part, the upper boundary of the Ellis 
has been drawn so low as to exclude some marine Jurassic rocks. 


1 Manuscript received, May 12, 1945. Published by permission of The Carter Oil Company. 
2 Geologist, The Carter Oil Company. 
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Five important factors have led to confusion in the interpretation and corre- 
lation of the Ellis. First, the southern part of the Sweetgrass arch remained a 
positive element throughout the Bathonian and Callovian stages, whereas the rest 
of the area received sedimentation during that time. Second, the nature and ex- 
tent of the Callovian-Divesian unconformity has not been pointed out by previ- 
ous workers. Third, facies changes, particularly the presence of red sediments on 
the east side of the Sweetgrass arch, have not been clearly understood. Fourth, 
lithologic similarity between black chert sandstone in the upper part of the Ellis 
and black chert sandstone forming the base of the Kootenai on the northwest 
flank of the Sweetgrass arch has led to the correlation of these sandstones. Fifth, 
the nature and extent of the Ellis-Kootenai unconformity has not been treated 
adequately by previous writers. 

It is the purpose of this report to show that the marine Jurassic rocks of the 
Sweetgrass arch compose three distinct formations. The oldest formation, herein 
named the Sawtooth, consists of sandstone, siltstone, shale, and limestone of 
Bathonian age. The medial formation, herein named the Rierdon, consists of 
limy shale and nodular limestone of upper Bathonian and Callovian age. The 
youngest formation, herein named the Swift, consists of sandstone and non-cal- 
careous shale of Divesian and Argovian age. Continental beds included in the 
Ellis by some geologists are assigned to the Morrison formation in this report. 
The writer proposes to raise the Ellis to a group, and to restrict that name to 
marine Jurassic beds. 

The field work was conducted during parts of the summers of 1942 and 1944. 
Six Jurassic sections were measured and sampled along the Rocky Mountain 
Front from Badger Creek in Sec. 3, T. 29 N., R. 11 W., southeast to the vicinity 
of Craig in Sec. 16, T. 15 N., R. 3 W. Four Jurassic sections were measured along 
the northern flank of the Little Belt Mountains. One section was measured in 
the Sweetgrass Hills, on Sage Creek in Sec. 8, T. 36 N., R. 5 E. Sections were 
measured outside the area covered in this report on the east side of the Bearpaw 
Mountains and in the vicinity of Marias Pass near the southern boundary of 
Glacier National Park. The information derived from the Bearpaw and Marias 
Pass sections has been useful in the preparation of the isopach maps. Some of the 
measured sections were reviewed in the field with R. W. Imlay and J. B. Reeside, 
Jr. 

Cuttings from many wildcat and field wells drilled for oil and gas in the area 
of the Sweetgrass arch were examined critically with a binocular microscope. The 
samples were excellent inasmuch as the Ellis was reached at relatively shallow 
depths and most of the wells were drilled by cable tools. 
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EUROPEAN SWEETGRASS 
STAGES 


TITHONIAN 


PORTLANDIAN 


BONONIAN 


HAVRIAN MORRISON 


UPPER 


SEQUANIAN 


ARGOVIAN SWIFT 


DIVESIAN 


OXFORDIAN |KIMMERIDGIAN 


CALLOVIAN RIERDON 


BATHONIAN SAWTOOTH 


MIDDLE 


BAJOCIAN 


TOARCIAN 


PLIENSBACHIAN 


LOWER 


SINEMURIAN 


HET TANGIAN 


Fic. 1.—Time relations of Ellis group of Sweetgrass arch with standard European stages. 
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J. H. McCourt and J. E. Hupp, geologists of the Union Oil Company of 
California, John E. Blixt, geologist of The Texas Company, C. E. Erdmann, 
regional geologist of the United States Geological Survey, Fred C. Platt, State 
oil and gas supervisor, E. Byers Emrick, consulting geologist, and M. E. Porter, 
president of Hannah-Porter Company, kindly allowed the writer to examine large 
collections of well cuttings. Additional well cuttings were made available by 
Ralph C. Chamberlain, A. B. Cobb, and F. J. Buscher of Great Falls, R. G. 
Parrent of Sunburst, Charles N. Wrighter of Kevin, J. C. Gulick of Joplin, George 
Coffey of Choteau, and Ike W. Taylor of Centralia, Illinois. 

J. D. Weir, geologist of The California Standard Company, and F. L. Fournier 
and S. A. Kerr, geologists of Imperial Oil Limited, furnished sample descriptions 
of wells drilled on the southern Alberta plains. This information has been taken 
into consideration in the preparation of the isopach maps. 

R. E. Peck, now with the United States Army Air Forces, examined some of 
the microfossils collected by the writer from continental beds conformably over- 
lying the Swift formation. Although the material was not sufficiently freed from 
the matrix for specific identification, Peck pointed out its affinities with micro- 
fossils of the Morrison formation of other areas. 

The writer expresses appreciation and thanks to D. L. Blackstone, Jr., 
division geologist of The Carter Oil Company, and C. E. Erdmann and R. W. 
Imlay, for reading and criticizing the manuscript. 


STRUCTURAL BACKGROUND AND LOCATIONS OF JURASSIC OUTCROPS 


In Montana twolarge structural features form the Sweetgrass arch.’ The north- 
ern structure is the Kevin-Sunburst dome, about six townships long and six 
townships wide, with a total closure of 850 feet. The southern structure is known 
as the South arch. It lies somewhat en échelon to the Kevin-Sunburst dome and 
covers approximately three or four times as much area. The South arch plunges 
gently northwest away from the Little Belt Mountain uplift, and is terminated 
on the northwest by one or more normal faults (Pendroy fault zone). Jurassic 
rocks are at the surface only on the southeastern part of the South arch where 
they form a narrow belt around the northern flank of the Little Belt Mountains. 
Good sections can be seen along Belt Creek 8 or 9 miles south of Belt, along Smith 
River valley in the southern part of T. 16 N., R. 3 E., along the upper part of 
Porcupine Creek in T. 15 N., Rs. 2 and 3 E., and near the head of Ming Coulee 
just northeast of Calvert. 

Northeast of the Kevin-Sunburst dome are three groups of igneous uplifts 

3 Eugene S. Perry, “The Kevin-Sunburst and Other Oil and Gas Fields of the Sweetgrass Arch,” 
Montana State Bur. Mines and Met. Mem. 1 (1928). 

A. J. Collier, ““The Kevin-Sunburst Oil Field and Other Possibilities of Oil and Gas in the Sweet- 
grass Arch, Montana,” U.S. Geol. Survey Bull. 812-B (1929), pp. 85-86, Pl. 15. 

Thomas B. Romine, “Oil Fields and Structure of Sweetgrass Arch, Montana,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 13, No. 7 (1929), pp. 779-97, Fig. 1. 


C. E. Dobbin and C. E. Erdmann, ‘Structural Contour Map of the Montana Plains,” U.S. Geol. 
Survey (1932; revised, 1935). 
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and plugs known as the East Butte, Middle Butte, and West Butte, and collec- 
tively, as the Sweetgrass Hills. Jurassic rocks are exposed in the East and West 
Buttes. The only complete sections are exposed in East Butte, and the best sec- 
tion is on Sage Creek. 

From 50 to 60 miles west of the axis of the Kevin-Sunburst dome and from 
10 to 25 miles west of the axis of the South arch is the eastern boundary of the 
Disturbed Belt. The Disturbed Belt is featured by sharp folds underlain by 
thrust faults trending in a general north or northwest direction. The belt ranges 
from 6 to 30 miles in width. Along the western side of the Disturbed Belt south 
of T. 31 N., Jurassic rocks are exposed at a number of localities but in most places 
as incomplete sections in which the beds are much crumpled. 

The Disturbed Belt is bounded on the west by the Rocky Mountain Front, 
which is a belt of high-angle thrust faults involving Mesozoic and Paleozoic 
rocks. The mountains rise abruptly from the edge of the plains as a series of 
parallel east- and northeast-facing scarps composed largely of massive Paleozoic 
limestones. Many excellent Jurassic sections are exposed in the strike valleys and 
along some of the larger streams flowing eastward directly across the strike of the 
formations. The best sections are in the Sawtooth Range west of the South arch. 


HISTORICAL SUMMARY OF PREVIOUS INVESTIGATIONS 


The Ellis formation* was named for exposures near Fort Ellis, a few miles 
southeast of Bozeman, in the southwestern part of Montana. There the Ellis® 
consists of a basal unit of shale and siltstone that is poorly exposed, a medial 
series of limy shale, dense nodular limestone, and odlite, and an upper thick- and 
thin-bedded slightly glauconitic sandstone containing black-gray micaceous shale 
partings. The upper unit contains chert and quartzite pebbles at the base, and 
rests unconformably on the medial limy unit. 

The presence of Jurassic rocks in the vicinity of the Sweetgrass arch was shown 
by Weed® in 1892. Along the northern flank of the Little Belt Mountains, Weed 
noted two lithologic divisions of the Jurassic; a limestone overlain by a sandstone 
which was commonly conglomeratic. He pointed out that these divisions were 
characteristic of the Jurassic throughout central Montana. In 1899 Weed’ as- 
signed the name, Ellis, to the marine Jurassic rocks on the north flank of the Little 
Belt Mountains, but added nothing new to their description. 


4A. C. Peale, “The Paleozoic Section in the Vicinity of Three Forks, Montana,” U. S. Geol. 


Survey Bull. rro (1893), Pl. 1. 
J. P. Iddings and W. H. Weed, “Livingston Atlas Sheet, Description,” U. S. Geol. Survey Geol. 


Ailas Folio 1 (1894), p. 2. R 
’ W. A. Cobban, R. W. Imlay, and John B. Reeside, Jr., “Type Section of Ellis Formation 
(Jurassic) of Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 29, No. 4 (1945), pp. 451-53. 
6 W. H. Weed, “Two Montana Coal Fields,” Bull. Geol. Soc. America, Vol. 3 (1892), p. 309. 
7W. H. Weed, “Description of the Fort Benton Quadrangle,” U. S. Geol. Survey Geol. Atlas 
Folio 55 (1899), p. 2. 
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Red shale and gypsum are now known to be present in the lower part of 
the Ellis at many localities in central Montana. Until 1905 these beds were re- 
garded as part of the Carboniferous. Rowe® collected Jurassic fossils from a lime- 
stone overlying a gypsum deposit near Goodman siding on Belt Creek 6 miles 
south of Armington. He regarded the gypsum as Jurassic, and pointed out the 
Jurassic age for several other gypsum deposits in Montana. 

Fisher® described the Ellis of the Great Falls area with considerable more de- 
tail than earlier writers. He also drew attention to the unconformity at the base 
of the Ellis by pointing out that the Ellis rested upon the Madison limestone 
(Lower Mississippian) in some localities, and upon the “Quadrant” (Big Snowy 
group, Upper Mississippian) at other localities. Fisher presented two sections, 
one at the head of Ming Coulee (Sec. 25, T. 17 N., R. 4 E.) and the other near 
Goodman siding on Belt Creek. From the descriptions of his sections and from 
the columnar sections shown on his Plate 7, it is obvious that Fisher considered 
the gypsum deposit near Goodman siding as part of the “Quadrant.” However, 
during the same year Calvert!® demonstrated the presence of red shale and 
gypsum in the lower part of the Ellis in central Montana. 

Stebinger"™ applied the name, Ellis, to 240 to 310 feet of marine Jurassic dark 
calcareous shale with a few thin beds of limestone and sandstone exposed along 
the Disturbed Belt and Rocky Mountain Front west of the Sweetgrass arch. 
Recently, Deiss® described the Ellis of the Sawtooth Range in detail. 

In the Sweetgrass Hills Kemp and Billingsley™ described the Ellis briefly as 
“about 200 feet of soft green shales, with some impure shaly limestones and cal- 
careous sandstone layers.” Later a section on Sage Creek in the East Butte was 
described in detail by Sanderson“ and redescribed more recently by Russell and 
Landes.® 

With the development of oil and gas fields on the Sweetgrass arch, descriptive 
names have come into use to designate the productive zones. Sandstone at the 


8 J. P. Rowe, “Montana Gypsum Deposits,” Amer. Geologist, Vol. 35 (1905) p. 108. 

9C. A. Fisher, “Geology of the Great Falls Coal Field, Montana,” U.S. Geol. Survey Bull. 356 
(1909), p. 28, Pl. 7. 

10 W. R. Calvert, “Geology of the Lewistown Coal Field, Montana,” U. S. Geol. Survey Bull. 390 
(1909), pp. 19-21. 

11 Eugene Stebinger, ‘Oil and Gas Geology of the Birch Creek-Sun River Area, Northwestern 
Montana,” U. S. Geol. Survey Bull. 691-E (1918), pp. 155-56. 

12 Charles Deiss, ‘Stratigraphy and Structure of Southwest Saypo Quadrangle, Montana,” Bull. 


Geol. Soc. America, Vol. 54, No. 2 (1943), pp. 231-36. 
, “Structure of Central Part of Sawtooth Range, Montana,” Bull. Geol. Soc. America, 


Vol. 54, No. 8 (1943), pp. 1136-40. 

13 James F. Kemp and Paul Billingsley, ‘“‘Sweet Grass Hills, Montana,” Bull. Geol. Soc. America, 
Vol. 32, No. 4 (1921), p. 468. 

4 J. O. G. Sanderson, “An Ellis (Upper Jurassic) Section at East Butte, Sweetgrass Hills, 
Montana,” Bull. Amer. Assoc. Petrol. Geol., Vol. 15 (1931), pp. 1157-60. 

%L. S. Russell and R. W. Landes, “Geology of the Southern Alberta Plains,” Canada Geol. 
Survey Mem. 221 (1940), p. 15. 
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base of the Ellis is often called ‘‘Ellis sand” although that term is more often 
applied to the porous upper part of the Madison limestone. In the vicinity of the 
Sweetgrass Hills a sandy, odlitic limestone member in the lower part of the Ellis 
is known as the “‘Strode sand.” Over the greater part of the Sweetgrass arch the 
upper part of the Ellis is a flaggy glauconitic sandstone containing abundant 
partings of black-gray micaceous shale. On the Kevin-Sunburst dome and across 
the area from Chester to Dupuyer, this sandstone has received the descriptive 
term, ‘‘Ribboned” or ‘‘Ribbon”’ sandstone, a name introduced into northern 
Montana from southwestern Alberta. Recent writers'® have been placing the 
“Ribboned”’ sandstone (upper member of the Swift formation of this report) in 
the base of the Lower Cretaceous Kootenai formation and correlating it with the 
Cut Bank sandstone of the Cut Bank oil and gas field. In the Kevin-Sunburst 
field the “‘Ribboned” sandstone is often called the “Stray sand,” and in the oil 
and gas fields around the East Butte of the Sweetgrass Hills, it has been known 
as the “‘Baskoo sand” (contraction for basal Kootenai). In the now abandoned 
Bannatyne oil field the same sandstone was the producing horizon, and was 
called the ““Emrick” or “Bannatyne sand.” Inasmuch as the rest of the Ellis 
(Sawtooth and Rierdon) is absent in the Bannatyne field, the ‘““Emrick sand” 
has been regarded as a sandstone in the lower part of the Ellis by all previous 
writers. The names ‘“Emrick” or “Bannatyne” are still used to designate this 
sandstone over the South arch. 

A common interpretation of the limits of the Ellis of the Sweetgrass arch is 
that it includes all of the beds from the top of the Madison limestone to either the 
top or base of a widespread yellow bentonitic mudstone. Over much of the Kevin- 
Sunburst dome the yellow mudstone is a persistent bed underlying the Sunburst 
sandstone of the Kootenai formation. Elsewhere on the Sweetgrass arch yellow 
mudstone may or may not occur at the same horizon. In the Kevin-Sunburst 
field as much as 20 feet of greenish gray clay shale and mudstone of continental 
origin lies between the yellow marker and the top of the Swift formation. Farther 
south this unit of continental beds thickens to 40 or 50 feet in the Midway, 
Pondera, and Bannatyne fields. Recently, Lyons" included as much as 220 feet of 
variegated continental beds in the upper part of the Ellis near Craig. 


CONTINENTAL DEPOSITS OVERLYING ELLIS GROUP 


Overlying the Ellis group are continental beds of Upper Jurassic and Lower 
Cretaceous age. The thickness ranges from 348 feet in the Flat Coulee oil field 
on the north side of the Sweetgrass Hills to about 1,300 feet along the Rocky 


16 Charles E. Erdmann and John R. Schwabrow, “‘Border-Red Coulee Oil Field, Toole County, 
Montana, and Alberta, Canada,” Stratigraphic Type Oil Fields, Amer. Assoc. Petrol. Geol. (1941), 


p. 292. 
John E. Blixt, “Cut Bank Oil and Gas Field, Glacier County, Montana,” ibid., pp. 349, 362-64, 
369, 371, Figs. 8, 9. 
17 John B. Lyons, “Igneous Rocks of the Northern Big Belt Range, Montana,” Bull. Geol. Soc. 
America, Vol. 55, No. 4 (1944), p. 450. 
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Mountain Front near Craig. These beds are divisible into three major rock units. 

The lowest unit is composed chiefly of fine-grained rocks, largely clay shale 
and mudstone, dense gray limestone, and fine- to very fine-grained gray and 
brown sandstones. The dominant color of the clay shale and mudstone is greenish 
gray. The unit is as much as 310 feet thick, and rests conformably upon the Swift 
formation of the Ellis group. Along the Little Belt Mountains and west to Craig, 
the top of the unit is either a coal bed or black carbonaceous clay and mudstone. 
Charophyte odgonia and ostracods from the lower part of the unit show definite 
Morrison (Jurassic) affinities. The age of the beds must be Kimmeridgian and pos- 
sibly younger. 

The medial unit consists of about 200 feet of beds characterized by red 
mudstone and whitish sandstones. West of the Kevin-Sunburst dome, and at a 
few localities along the Rocky Mountain Front, the base of the unit is a coarse 
black chert sandstone and conglomerate. This bed is known as the Cut Bank 
sandstone in the Cut Bank-Darling area, and as the Cosmos sandstone in the 
Border-Red Coulee field. The black chert sandstone is overlain by the Sunburst, 
zone, which consists of drab-maroon mudstone and white to light gray fine- to 
coarse-grained lenticular sandstones. Over the Kevin-Sunburst dome and South 
arch a coarse white to buff sandstone, called Sunburst, forms the base of the medial 
unit. The sandstone contains much white bentonitic clay cement. It grades up- 
ward into white, light gray, light lavender, and light green bentonitic mudstone 
containing scattered sand grains. The mudstone is commonly mottled bright 
yellow, salmon, or red. It is overlain by red, red-maroon, or purple mudstone 
containing numerous odd-shaped dense limestone nodules. The top of the 
medial unit is composed of thin-bedded to shaly lavender, gray, or greenish gray 
micaceous sandstone which may contain concentrations of magnetite grains. In 
the area extending from Great Falls southeast beyond Armington, persistent 
beds of fresh-water limestone are present near the top of the unit. Fossils from the 
highest bed include Unio hamili McLearn and Corbula? onestae McLearn, which 
occur in the lower part of the Blairmore formation of Alberta, and are considered 
of Aptian age (Lower Cretaceous) by McLearn."® 

The highest rock unit consists of dark bluish green, olive-green, olive-drab, 
purple, and drab-maroon mudstone with highly lenticular beds of greenish gray 
sandstone. The unit is as much as 800 feet thick, and rests conformably on the 
magnetite sandstones of the medial unit. Fossils are very rare, poorly preserved, 
and fragmentary. The age of the beds must be late Aptian or early Albian inas- 
much as the basal part of the overlying Colorado shale is Albian in age.!® 

The writer considers the lowest rock unit as Morrison, and the other two as 


18 F. H. McLearn, “Mesozoic Palaeontology of Blairmore Region, Alberta,” Geol. Survey of 
Canada Mus. Bull. 58 (1929), p. 104. 


19 John B. Reeside, Jr., “Maps Showing Thickness and General Character of the Cretaceous 
Deposits in the Western Interior of the United States,” U. S. Geol. Survey Prelim. Map. ro, Oil and 


Gas Investig. Ser. (1944). 
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Kootenai. West of the Kevin-Sunburst dome the Kootenai rests unconformably 
on the Morrison, Swift, and Rierdon formations. An understanding of this un- 
conformity is important not only in the interpretation of the Morrison-Kootenai 
beds, but also in the distribution and thickness of the Swift formation. 

Following the deposition of the Morrison, the Sweetgrass arch was elevated 
slightly and several low anticlines and shallow synclines were formed. Subsequent 
erosion removed part of the Jurassic beds from the crests of the anticlines. Erosion 
was most pronounced on an anticline extending from the Border-Red Coulee 
field south-southwest through the Cut Bank field. A shallow topographic basin 
was formed by the removal of the Morrison, part or all of the Swift, and part of 
the Rierdon along the crest of the anticline and westward for an unknown dis- 
tance. Into this basin eastward flowing streams deposited black chert sand and 
gravel at the beginning of Kootenai time while the area east and south of the 
basin continued to undergo weathering and erosion. It was not until Sunburst 
time that all of the area received sedimentation. Consequently, the Cut Bank 
sandstone is the base of the Kootenai locally, whereas the younger Sunburst 
sandstone or bentonitic mudstone is the base of the formation over the rest of 
the Sweetgrass arch area. 


SAWTOOTH FORMATION 
DEFINITION 


The Sawtooth is the oldest Jurassic formation of the Sweetgrass arch. Along 
the Rocky Mountain Front and northeast to the Kevin-Sunburst dome, the 
formation consists of a basal fine-grained sandstone, a medial dark gray shale 
containing a few thin dark limestone layers, and an upper highly calcareous silt- 
stone. A Bathonian age is indicated by the fossils. 

The formation is named from the Sawtooth Range in which it is well devel- 
oped and exposed. The section in Rierdon Gulch, described in this report, is 
considered the type for the formation. 


THICKNESS AND DISTRIBUTION 


The thickness and distribution of the Sawtooth is shown in Figure 2. The for- 
mation is thickest along the Rocky Mountain Front and in a trough extending 
slightly south of west from the Sweetgrass Hills to the Rocky Mountain Front. 
The Sawtooth is thinned over the Kevin-Sunburst dome, and is absent over most 
of the South arch. 

At the type section the Sawtooth is 137 feet thick. In the California Com- 
pany’s Government well No. 1 in Sec. 26, T. 27 N., R. 9 W., the Sawtooth is 156 
feet thick. The formation thins eastward across the Disturbed Belt to a vanishing 
edge in the Pendroy-Choteau area. 

In the northern part of the Cut Bank field the Sawtooth is as much as 102 
feet in thickness. It thins east to as little as 8 feet on the Kevin-Sunburst dome. 
In the Bears Den field the formation is 185 feet thick. 
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Fic, 2.—Isopach map of Sawtooth formation. Contour interval 20 feet. Shows axes of present South arch and Kevin-Sunburst 
dome, and boundaries of most of the oil and gas fields. Map scaled in townships 
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Near Craig in Sec. 16, T. 15 N., R. 3 W., the Sawtooth is more than 80 feet 
thick. The formation is absent on Porcupine Creek 26 miles east of Craig. On 
Belt Creek near Goodman siding 92 feet of siltstone, limestone, and maroon and 
green shale with minor amounts of gypsum are equivalent to the Sawtooth. 


LITHOLOGIC CHARACTER 


Rocky Mountain Front.—At the head of Rierdon Gulch in Sec. 23, T. 24 N., 
R. 9 W., the Sawtooth consists of the following lithologic units: (1) basal sand- 
stone as much as 20 inches in thickness, (2) dark gray shale 83 feet thick, and 
(3) orange-tan weathering calcareous siltstone 52 feet thick. These units can be 
recognized along most of the mountain front. 

The basal sandstone is composed chiefly of subangular colorless quartz 
grains. It is light to medium gray, very fine-grained, calcareous, and hard. Or- 
dinarily the sandstone is very finely pyritic. On the weathered surfaces the pyrite 
is altered to limonite staining the sandstone rusty brown. In short horizontal dis- 
tances the bedding of the sandstone changes from massive and non-bedded to 
thin-bedded or even shaly. Ripple-marks are common. Partings of black-gray 
fissile shale are generally present, and in places the shale component is greater 
than the sandstone. In Rierdon Gulch lenses of black phosphatic pebbles are 
present locally. Between the forks of Teton River in the NE. } of Sec. 32, T. 25 
N., R. 8 W., the base of the Sawtooth is a conglomerate one foot thick composed 
of quartzite and limestone pebbles and cobbles as much as 8 inches in diameter. 
The basal sandstone may be thin everywhere along the mountain front. The maxi- 
mum thickness measured by the writer did not exceed 8 feet. Locally the sand- 
stone is absent. 

Overlying the basal sandstone of the Sawtooth is a member composed largely 
of alternating units of calcareous and non-calcareous shale. The calcareous shale is 
dark gray, more or less massive, and poorly fissile, breaking into short thick 
pieces. To this type of shale the writer applies the adjective “chunky.”’ The non- 
calcareous shale is black gray and fissile with the bedding planes and joint sur- 
faces ordinarily coated with a yellow powder of iron oxide. The lower half of the 
member contains minor amounts of very fine sandy shale and rarely very fine- 
grained sandstone and siltstone partings. A few beds of dark gray hard dense 
limestone occur in the lower part of the member. The limestones are more or 
less nodular, and less than one foot in thickness. They weather light bluish gray 
to buff. Lenses of black phosphatic pellets are common in the member. The 
pellets commonly occur ina shaly limonitic matrix in which water-worn belem- 
nites may be present. In Rierdon Gulch two thin bentonite layers are present in 
the upper part of the member. 

The shale member of the Sawtooth thins south from Rierdon Gulch to 18 
feet in the Sun River area. North of Rierdon Gulch the member thickens to 106 
feet in the California’s Government well No. 1. The member thins in a very short 
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distance eastward on the west flank of the South arch. Five miles southeast of 
Rierdon Gulch, the shale member is only 8 feet thick in the Rocky Mountain Oil 
and Gas Company’s Salmond well No. 1 in Sec. 4, T. 23 N., R. 8 W. 

The upper member of the Sawtooth is largely light to medium gray siltstone in 
beds averaging 6 inches to one foot in thickness but as much as 3 feet. The silt- 
stone is highly calcareous and some of the beds could be called silty limestone. 
The siltstone is composed chiefly of colorless quartz grains and minor amounts of 
pyrite and glauconite set in a calcareous matrix. The lower part of the member is 
rather poorly bedded and earthy, contains dark gray shale partings, and is transi- 
tional from the underlying shale. The siltstone gradually becomes less earthy 
toward the top of the unit where a very slight increase in grain size can be seen 
in places. The grain size approaches that of very fine sand, and some of the upper 
beds might be termed very fine-grained calcareous sandstone. In some places a 
thin bentonite can be recognized in the lower part of the member, and locally one 
is present at the top. Black phosphatic pellets are common in the lower shaly part 
of the member. 

The siltstone member forms a conspicuous bright tan to buff cliff or ridge 
above the slope of the dark shale member, and below the slope of the gray Rierdon 
shale. The member thins south of Rierdon Gulch to 23 to 25 feet in the Sun River 
area. North of Rierdon Gulch it is consistently 50 to 60 feet thick. 

Cut Bank area.—The three members of the Sawtooth can be recognized from 
cuttings of wells drilled to the Paleozoic in and about the Cut Bank oil and gas 
field: In general the shale and siltstone members thin east across the area toward 
the Kevin-Sunburst dome. 

The basal sandstone is composed almost entirely of colorless quartz grains 
as it is along the mountain front. The sandstone is light gray, calcareous, and 
fine- to very fine-grained. Fragments of gray chert pebbles are present in the 
cuttings from several wells. In the Carter Oil Company’s Tribal No. 25 in Sec. 
27, T. 36 N., R. 6 W., the base of the sandstone is glauconitic. In the Cut Bank 
field the sandstone ranges between a few inches and 25 feet in thickness. 

The shale member is dark gray to dark greenish gray, noncalcareous to slightly 
calcareous, and very finely pyritic. It contains black phosphatic pellets and a few 
thin dark limestone layers. The thickness of the member ranges from 45 feet to 
less than 10 feet. 

Over most of the Cut Bank field the siltstone member is similar to that 
along the Rocky Mountain Front. However, some well cuttings indicate a higher 
proportion of dark shale partings in the lower part of the siltstone than is normal 
to the member along the mountain front. Black phosphatic pellets are present 
‘ locally in the lower part. In the Carter Oil Company’s Tribal No. 25 a thin layer 
of light gray chert granules occurs at the top of the member. Chert granules and 
small pebbles are common to the top of the member in many localities east of the 
Kevin-Sunburst dome, but the occurrence in the Carter well is the only one west 
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of the dome that was noted by the writer. Thicknesses of the siltstone member 
range from 52 to 45 feet on the west side of the field, and from 40 to 25 feet on the 
east side. 

Kevin-Sunburst dome.—On the Kevin-Sunburst dome the basal sandstone is 
generally less than 15 feet thick. It is absent in many wells. Lithologically the 
sandstone is similar to, if not identical with, that of the Cut Bank field. Cuttings 
from many wells show the presence of gray chert pebbles and, more rarely, black 
phosphatic pellets. 

The shale member thins east from the Cut Bank field, wedging out high on 
the west flank of the Kevin-Sunburst dome along a line running roughly from the 
center of T. 32 N., R. 4 W., to the center of T. 37 N., R. 2 W. The shale is dark 
gray to black gray, finely pyritic, and more or less non-calcareous. It contains 
some black phosphatic pellets and thin streaks of siltstone. Bluish gray bentonite 
can be recognized in some cuttings from the lower part of the member. 

The siltstone member thins upon the Kevin-Sunburst dome to less than 25 
feet. The shale component increases noticeably in the member as it is traced 
across the northern part of the area, and on the northeast quarter of the dome, the 
member can be better described as a silty calcareous shale. White or light gray 
bentonite is present at or near the top of the member in the northern and eastern 
parts of the field. 

In areas where the lower two members of the Sawtooth are missing, the silt- 
stone rests directly on the Madison limestone, a condition comparable with the 
northwestern and southern parts of the South arch where the siltstone overlaps 
the older members and rests upon the Mississippian. 

An important lithologic change occurs in the siltstone member on the east 
flank of the Kevin-Sunburst dome. The shaly facies of the northeast quarter of 
the dome passes east and northeast into a sandstone and siltstone facies. The 
sandstone is very fine-grained and occurs as lenses and thin layers in the silt- 
stone. Both the sandstone and siltstone are composed almost entirely of colorless 
quartz. The proportion of sandstone to siltstone increases eastward. Farther down 
the east flank of the dome cuttings from some wells show well rounded coarse 
grains of colorless quartz scattered through the sandstone and siltstone. In the 
same cuttings parts of the sandstone and siltstone contain patches of light gray 
sandy limestone with traces of poorly developed odlites. 

Sweetgrass Hills—In the area centering around the East Butte all three 
members of the Sawtooth are present. In the Ellis section on Sage Creek” the 
Sawtooth consists of the following sequence from oldest to youngest: (1) 30 feet 
of light gray fine-grained calcareous sandstone, (2) 27 feet of alternating beds of 
dark gray shale and dark limestone, and (3) 50 feet of light gray fine-grained cal- 
careous sandstone containing a thin layer of small chert pebbles at the top. 
Farther east in the Bears Den field the sequence is as follows: (1) 3 feet of light 


20 Sanderson, op. cit. 


| 


MARINE JURASSIC FORMATIONS OF SWEETGRASS ARCH 1275 


bluish green to whitish finely pyritic siltstone, (2) 82 feet of dark gray to medium 
greenish gray calcareous shale containing hard dense drab limestone layers, and 
(3) 45 feet of light gray fine- to very fine-grained calcareous sandstone, odlitic 
sandstone, and sandy odlite. 

From the area centering around East Butte, the shale member of the Saw- 
tooth wedges out west toward the Kevin-Sunburst dome, south toward the South 
arch, and north toward some positive element in southern Alberta. The approxi- 
mate distribution of the member is in the area enclosed by the 80-foot contour 
in Figure 2. 

The upper member of the Sawtooth is largely sandy odlite and odlitic sand- 
stone. The odlite is very light gray, medium gray, or light brown. Typically, it 
consists of a very light gray limestone or siltstone matrix containing rounded 
white, medium gray, or dark brown calcareous odlites 0.1 to 0.5 millimeter in 
diameter, fine to coarse colorless subrounded to rounded frosted quartz grains, 
and comminuted pelecypod shells. The proportions of the odlites, sand grains, 
and shell fragments to the matrix and to one another, are highly variable. The 
member is slightly porous. In the Whitlash, Flat Coulee, and Bears Den fields 
the member has produced a little oil, and is known as the “Strode sand.” 

Ten miles northeast of the Bears Den field the S. G. S. Oil and Gas Com- 
pany’s Smith No. 1 in Sec. 22, T. 37 N., R. 7 E., drilled the following sequence 
of beds in descending order above massive pink and white limestone of uncertain 
age: (1) 60 feet of light gray fine-grained calcareous sandstone, light gray to 
brownish very fine-grained calcareous odlite, light gray shaly calcareous silt- 
stone, and greenish gray limy shale, (2) 55 feet of greenish gray limy shale, light 
gray siltstone, and light brown limestone, (3) 20 feet of gray to greenish gray 
calcareous siltstone containing patches of orange-salmon to white very finely 
crystalline gypsum, (4) 30 feet of maroon mudstone mottled creamy green and 
containing patches of gypsum and beds of light brown dense dolomite, and (5) 
25 feet of creamy dense dolomite containing patches of gypsum and occasional 
green shale films. The upper 60 feet of beds is undoubtedly the upper member of 
the Sawtooth. The underlying 130 feet probably should be correlated with the 
remainder of the Sawtooth. 

South arch——From the Rocky Mountain Front each of the members of the 
Sawtooth thins eastward to a vanishing edge well down upon the west flank of 
the South arch. The siltstone member extends the farthest east, successively over- 
lapping the shale and sandstone members. 

Along the northern flank of the Little Belt Mountains the Sawtooth shows 
some interesting and rapid facies changes. At the head of Ming Coulee and along 
Smith River valley in the southern part of T. 17 N., R. 3 E., the lower two mem- 
bers of the Sawtooth are absent. The upper member is largely massive light gray 
poorly bedded sandy limestone resting unconformably on Mississippian rocks. 
Locally parts of the limestone are odlitic. Fine colorless quartz grains are scattered 
throughout most of the limestone, but in places they are concentrated to the 
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extent that the rock would be called a calcareous sandstone. Many of the sandy 
streaks are arranged in cross-beds. 

Along Belt Creek 13 miles northeast of Ming Coulee the Ellis section below 
the Swift sandstone consists of the following units from oldest to youngest: (1) 
21 feet of gray calcareous siltstone and silty limestone, (2) 26 feet of maroon and 
yellowish shale and siltstone containing gypsum and thin beds of odlitic limestone 
and green shale, (3) 23.5 feet of green shale and thin limestones, and (4) 23 feet 
of more or less thin-bedded gray to yellowish sandy limestone. All of this section 
is probably correlative with the Sawtooth. 

Reddish and yellowish shale and siltstone containing gypsum is common in 
the lower part of the Ellis in central Montana. Imlay” has pointed out that these 
beds are correlative by general lithologic features and fossils with the Gypsum 
Springs formation of Wyoming. The name, Gypsum Springs, is more applicable 
than Sawtooth for the lower part of the Ellis on Belt Creek and in the S. G. S. 
Oil and Gas Company’s Smith well No. 1 east of the Sweetgrass Hills. 


FOSSILS AND AGE 


The Sawtooth contains many fossils. Imlay” lists the following pelecypods 
from the basal sandstone of the Sawtooth at Swift Reservoir: Oxytoma blair- 
morensis McLearn, Trigonia cf. T. trafalgarensis Warren, Eumicrotis n. sp. aff. 
E. ferniensis (McLearn), and Astarte (Coelastarte) n. sp. 

Fossils are abundant in some parts of the shale member. Fossils collected by 
Deiss* from this member in Rierdon Gulch and identified by Imlay™ are Ostrea 
sp., Nuculan. sp., Trigonia montanaensis Meek, Astarte meeki Stanton, Astarte cf. 
A. packardi Meek, Tancredia cf. T. inornata Meek, Tancredia sp., Gryphaea sp. 
juv., cf. G. impressimarginata McLearn, Volsella rosii (McLearn), Lithophaga? 
n. sp., Protocardia schucherti McLearn, Pleuromya obtusiprorata McLearn, Lucina 
sp., Dentalium sp., Procerithium (Rhabdocolpus) n. sp., and Pachyteuthis sp. From 
the lower part of the shale member at Swift Reservoir Imlay collected a poorly 
preserved ammonite which he has provisionally assigned to Cranocephalites. 

The siltstone member is highly fossiliferous. Along the Rocky Mountain 
Front the most abundant forms are species of Camptonectes, Pleuromya, and 
Gryphaea. Fossils collected by Deiss* from this member in Rierdon Gulch and 
identified by Imlay” are Ostrea strigilecula White, Arctica? cf. A. iddingsi (Stan- 
ton), Astarie meeki Stanton, Astarte aff. A. packardi Meek, Eumicrotis ferniensis 


21 Ralph W. Imlay, “Occurrence of Middle Jurassic Rocks in Western Interior of United States,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 29, No. 7 (July, 1945), pp. 1023-25. 

2 Imlay, op. cit., p. 1024. 

28 Charles Deiss, “Structure of Central Part of Sawtooth Range, Montana,” Bull. Geol. Soc. 
America, Vol. 54, No. 8 (1943), p. 1138. 

% Tmlay, op. cit., p. 1024. 

% Deiss, of. cit., pp. 1137-38. 
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McLearn, Camptonectes pertenuistriatus Hall and Whitfield, Camptonectes plates- 
siformis White, Trigonia montanaensis Meek, Pleuromya obtusiprorata McLearn, 
Pholadomya kingi (Meek), Pinna kingi Meek, Protocardia schucherti McLearn, 
Grammatodon n. sp., Arctocephalites sp. juv., Pachyteuthis sp., Pentacrinus asteris- 
cus Meek and Hayden, and a naticoid gastropod. Gryphaea impressimarginata 
McLearn is common in the member at Rierdon Gulch and Swift Reservoir. From 
the siltstone member in Rierdon Gulch Imlay collected the ammonites, Arcto- 
cephalites and Arcticoceras. 

Two faunal zones are recognized by Imlay?’ in the Sawtooth along the Rocky 
Mountain Front. The oldest is the Cranocephalites zone, which occurs in the basal 
sandstone and in the shale member of the Sawtooth. The youngest zone is char- 
acterized by Arctocephalites, which occurs in the siltstone member. Both zones are 


considered upper Bathonian in age. 


RIERDON FORMATION 
DEFINITION 


The name, Rierdon, is herein applied to the group of alternating gray limy 
shales and limestones overlying the upper sandy beds of the Sawtooth and dis- 
conformably underlying the dark gray micaceous shale and sandstone of the Swift 
formation. The Rierdon is defined solely on the basis of its lithologic character. 
At the type locality in Rierdon Gulch in Sec. 23, T. 24 N., R. 9 W., the lower part 
of the formation is of upper Bathonian age and the remainder lower Callovian. 
However, the age range of the formation varies. Its basal beds are younger on the 
flanks of the South arch than along the Rocky Mountain Front. The age range 
of the upper part of the formation is varied because of the effects of early Divesian 
erosion. Beds of middle and upper Callovian age are present in the Rierdon in the 


Sweetgrass Hills. 
THICKNESS AND DISTRIBUTION 


A comparison of the isopach map of the Rierdon (Fig. 3) with the Sawtooth 
(Fig. 2) shows that the thicknesses and distribution of the formations are some- 
what similar. Most of the South arch continued through the Callovian stage as a 
positive element. Likewise, the Kevin-Sunburst dome remained high enough to 
influence sedimentation. The thickening of the Rierdon into a trough trending 
east-northeast away from the Kevin-Sunburst dome is comparable with a similar 
thickening of the Sawtooth in the same area. A pronounced thinning of the 
Rierdon occurs just southeast of the Devon gas field in an area trending northeast. 
In the Cut Bank field field the Rierdon has been reduced by pre-Kootenai erosion 
to probably less than half its original thickness in many places. 

The Rierdon is 137 feet thick at the type locality. It thickens in a general 
westerly direction to more than 200 feet in the Badger Creek area in Sec. 3, T. 29 


27 Imlay, op. cit., p. 1022. 
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N., R. 11 W. The formation is 65 to go feet thick in the Cut Bank field, and 72 to 
gi feet in the Kevin-Sunburst. At the section on Sage Creek in Sec. 8, T. 36 N., R. 
5 E., the thickness is about 180 feet. In the Bears Den field the Rierdon is 185 
feet thick. In the Pondera field the thickness ranges from 1g feet on the west side 
to 11 feet on the east. The formation is absent in the Midway and Bannatyne 
fields. 


LITHOLOGIC CHARACTER 


Rocky Mountain Front.—At the type locality the Rierdon consists of the fol- 
lowing units from oldest to youngest: (1) 20.5 feet of medium gray chunky limy 
shale containing a few dense gray nodular limestones, (2) 33.5 feet of dark medium 
gray fissile calcareous to almost non-calcareous shale containing thin beds of 
gray dense nodular limestone, (3) 43.5 feet of medium gray chunky limy shale 
containing a few thin beds of limestone in the lower part, and (4) 39 feet of 
alternating 4- to 6-inch limestone layers and thicker beds of medium gray 
chunky limy shale. Twenty-four feet above the base is a 3-foot chunky limy 
shale containing two medium gray dense nodular limestone beds each over- 
lain by one-inch shaly limonitic layers containing large water-worn Gryphaea. 
These limonitic layers apparently represent hiatuses. The large waterworn 
Gryphaea is probably Gryphaea impressimarginata McLearn, which is abundant 
in the siltstone member of the Sawtooth and in the lower 20 feet of the Rierdon. 
The fossil is apparently confined to the Middle Jurassic.** As the fossils from 
the overlying part of the Rierdon are Callovian in age, the hiatuses described in 
the preceding paragraph appear to mark the Bathonian-Callovian boundary. 

The limestone beds in the Rierdon are lithologically very similar to the shale. 
On fresh exposure the limestones are dense and more or less of the same color as 
the shale, although the less argillaceous limestones are slightly lighter than the 
shale. Most of the limestones have a nodular appearance, and grade upward and 
downward into the shale. 

Most of the shale of the Rierdon is very limy, chunky, somewhat nodular, and 
has a slight olive-greenish cast. On fresh exposure little or no bedding can be 
observed, and the rock closely resembles the limestones. Upon weathering the 
shale ordinarily breaks into splintery fragments. In the lower part of the Rierdon 
(20.5 to 64 feet above the base in the type locality) the shale is dark, fissile, and 
much less calcareous than the rest of the formation. This dark unit divides the 
formation into three shale members: (1) a basal medium gray limy chunky shale 
with nodular limestones, (2) a medial dark gray fissile slightly calcareous or non- 
calcareous shale with nodular limestones, and (3) an upper medium gray limy 
chunky shale with nodular limestones. These divisions are useful in subsurface 
studies on the Sweetgrass arch. 

White barite concretions occur in the middle third of the formation. Some 
of these attain diameters of as much as ro inches. 


28 Ralph W. Imlay, personal communication. 
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South of Rierdon Gulch in the Sun River area thin partings of siltstone and 
very fine sandstone are present in the lower part of the Rierdon. Similar condi- 
tions exist northwest of Rierdon Gulch in the Badger Creek area. 

The Rierdon typically weathers to a steep slope. The outcrop is conspicuously 
banded by the harder limestone layers and beds of buttress-forming shale. The 
limestones weather bluish gray to buff. 

Cut Bank and Kevin-Sunburst areas.—On the Kevin-Sunburst dome and in the 
Cut Bank area, the Rierdon is composed of the three lithologic members. The 


basal ro to 20 feet consists of medium gray chunky limy shale containing gray ~ 


dense limestones. It is overlain by 15 to 25 feet of dark fissile finely pyritic non- 
calcareous to slightly calcareous shale containing thin limestone layers. The top 
member consists of 30 to 50 feet of medium gray limy chunky shale containing 
numerous thin limestone beds. Both the shale and limestone of the upper member 
contain some scattered glauconite grains as much as 1.0 millimeter in diameter 
but ordinarily ranging between 0.25 and o.5 millimeter. All the beds have an olive- 
greenish cast which seems to vary in intensity in different localities. 

Sweetgrass Hills—Each of the members of the Rierdon thickens east away 
from the Kevin-Sunburst dome. In the Bears Den field the upper limy member is 
about 95 feet thick, the middle dark fissile member is about 50 feet, and the lower 
limy member is 40 feet. The lithology is similar to that of the Kevin-Sunburst 
dome with the exception that the lower member contains a few silty to very finely 
sandy partings. 

South Arch—From the Rocky Mountain Front the Rierdon thins eastward on 
the South arch. Well cuttings in the Pendroy-Choteau area show the dark fissile 
pyritic shale member resting directly on Mississippian limestone. Apparently the 
basal limy member (Bathonian) of the Rierdon Gulch area thins eastward to a 
vanishing edge somewhere along the Disturbed Belt. The dark fissile shale mem- 
ber and the overlying chunky limy shales are much thinner in the Pendroy- 
Choteau area than along the mountain front, which would suggest that the Rier- 
don is absent over the greater part of the South arch because of non-deposition 
rather than a result of early Divesian erosion. 


FOSSILS AND AGE 


Fossils are abundant in the Rierdon, particularly in the uppermost part where 
some layers are crowded with Gryphaea nebrascensis Meek and Hayden. Imlay”® 
recognizes three faunal zones in the beds here assigned to the Rierdon. The lowest 
zone is characterized by Arctocephalites of upper Bathonian age, the middle zone 
by Cadoceras of lower Callovian age, and the highest zone by Kepflerites of 
middle and upper Callovian. 

In Rierdon Gulch, fossils collected by Deiss*® from the lower 38 feet of the 


29 Imlay, of. cit., p. 1022-23. 
30 Deiss, op. cit., p. 1137. 
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Rierdon, are identified by Imlay*! as Gryphaea impressimarginata McLearn, 
Corbula munda McLearn, Astarte meeki Stanton, Pleuromya obtusiprorata Mc- 
Learn, Trigonia montanaensis Meek, Grammatodon n. sp., and Camptonectes sp. 
The writer found an ammonite, identified by Imlay as an Arctocephalites, 20 feet 
above the base of the formation at the type locality. 

Fossils collected by Deiss* from the upper part of the formation in Rierdon 
Gulch are identified by Imlay** as Gryphaea nebrascensis Meek and Hayden, 
Camptonectes pertenuistriatus Hall and Whitfield, and Pachyteuthis sp. In addition 
Imlay collected large specimens of the ammonite, Cadoceras. 

The highest beds of the Rierdon in the East Butte of the Sweetgrass Hills 
contain Kepplerites and Cosmoceras.™ 


SWIFT FORMATION 
DEFINITION 


Along the Rocky Mountain Front and over the Kevin-Sunburst dome, the 
youngest marine Jurassic rocks consist of dark gray non-calcareous shale overlain 
by fine-grained glauconitic flaggy sandstone. On the South arch and along the 
northern flank of the Little Belt Mountains, the youngest marine Jurassic rocks 
consist of a massive fine-grained sandstone overlying a basal conglomerate, or a 
massive flaggy sandstone containing abundant dark non-calcareous shale partings. 
This sandstone or sandstone and shale sequence is herein named the Swift forma- 
tion, taking its name from Swift Reservoir on Birch Creek where the beds are 
well exposed and easily accessible on the north shore in the NE. } of Sec. 27, T. 
28 N., R. 10 W. 

THICKNESS AND DISTRIBUTION 

The Swift formation was deposited over the entire Sweetgrass arch. Pre- 
Kootenai erosion later removed the formation from most of the Cut Bank area 
and from a small area west of the Whitlash dome. South of T. 28 N. the Swift is 
conformably overlain by fine-grained continental deposits equivalent to the lower 
part of the Morrison formation of areas farther south. North of T. 28 N. the 
Swift is overlain conformably by the Morrison in some areas, but in other locali- 
ties the Swift is overlain unconformably by the Cut Bank or Sunburst sandstones 
of the basal Kootenai formation. Thus the isopach map of the Swift (Fig. 4) shows 
the original thicknesses of the formation over most of the area, but in the northern 
part the thicknesses indicated are commonly of erosional remnants. 

The Swift is 135 feet thick at the type locality. On the Kevin-Sunburst dome 
original thicknesses range from 100 to 120 feet. In the Bears Den field the thick- 
ness is about go feet. The Swift is 166 feet thick in the Pondera field, 155 feet in 


31 Imlay, of. cit., p. 1024. 

® Deiss, of. cit., p. 1137. 

33 Imlay, op. cit., p. 1024. 

4 Personal communication from Ralph W. Imlay. 
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Fic. 4.—Isopach map of Swift formation. Contour interval 20 feet. Shows axes of present South arch and Kevin-Sunburst dome 
and boundaries of most of the oil and gas fields. Map scaled in townships. 


a2: F A can A DO A 1 

K 
ff 
|| 
= UN RIVE 
iia 
| 


MARINE JURASSIC FORMATIONS OF SWEETGRASS ARCH 1283 


the Midway field, and a little more than roo feet in the Bannatyne field. The 
original thickness of the formation at Stockett in Sec. 36, T. 19 N., R. 4 E., is 10 
feet. South of Stockett along the northern flank of the Little Belt Mountains, the 
formation is 79 to 8g feet thick. 


LITHOLOGIC CHARACTER 


Rocky Mountain Front.—At the type locality the Swift consists of two mem- 
bers. The lower member is a dark gray non-calcareous shale 54.5 feet thick. The 
upper member is a flaggy ripple-marked sandstone 80 feet thick containing abun- 
dant black-gray fissile shale partings. 

The shale of the lower member of the Swift at the type locality is very finely 
micaceous, and contains some pyrite and very hard streaks of dark siltstone. 
Large hard bright rusty brown-weathering calcareous concretions and clay iron- 
stones occur throughout the member. The concretions are dark gray on fresh 
exposure. The basal few inches of the member is highly glauconitic and contain 
water-worn belemnites and rarely black chert pebbles as much as 3 inch in 
diameter. 

The sandstone of the upper member of the Swift is composed chiefly of angular 
to subangular colorless quartz with some subangular gray and black chert and a 
little glauconite. The grains are largely fine, but some medium and coarse grains 
are present in the lower part. Many of the quartz grains occur as small anhedral 
crystals. The sandstone occurs as hard ripple-marked lenses containing numerous 
burrows and trails. Bluish weathering, black-gray micaceous shale films are 
present in and around the sandstone lenses. The mica in the shale films is a white 
variety. Brown or black prints of driftwood, many occurring as thin coaly lenses, 
are common in the member. The base of the member is a lenticular bed of dark 
gray conglomerate as much as 7 inches thick containing small black chert pebbles, 
belemnites, fish teeth, comminuted pelecypod shells, and glauconite. 

The lithologic character of the Swift formation at the type locality persists 
along the mountain front from the south boundary of Glacier National Park 
southeast almost to Sun River. At many localities small black chert pebbles are 
present in the basal part of the sandstone member as well as in the base of the 
shale member. In Rierdon Gulch a very hard massive, lenticular bed of fine- to 
very fine-grained sandstone forms the base of the sandstone member. This bed is 
as much as 22 feet in thickness, but in short distances it is absent. The thickening 
and thinning of the bed takes place from the top downward. This form of sand- 
stone was not observed in any of the other sections examined by the writer. 

From Sun River southeast along the mountain front, the Swift becomes in- 
creasingly sandy. The shale member contains fine-grained ripple-marked sand- 
stone lenses with bluish-weathering shale films. Sandy layers at and near the 
base are highly glauconitic and contain the usual water-worn belemnites. 
The bright rusty brown-weathering calcareous concretions and clay ironstones 
so characteristic of the lower member north of Sun River are not well developed 
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at Sun River, and are absent south of T. 20 N. A thin conglomerate forms the 
base of the formation near Craig. The pebbles and cobbles consist of well rounded 
tan quartzite and dark chert as much as 7 inches in diameter, and smaller pebbles 
of chert, quartzite, and limestone. The sandstone member of the Swift contains 
less shale than in areas north of Sun River. The sandstone is fine-grained, thin- 
bedded, and gently cross-bedded. It weathers gray to buff in the Sun River area, 
and yellowish near Craig. 

Along the Rocky Mountain Front the sandstone member of the Swift crops 
out as a prominent hogback. The bedding planes and joint surfaces are usually 
stained dark rusty brown by iron oxide. Near Craig some joint surfaces are coated 
with a dark desert varnish displaying many colors. 

Kevin-Sunburst dome.—Well cuttings and cores from the Kevin-Sunburst field 
show the Swift to be similar if not identical with the formation along the Rocky 
Mountain Front north of Sun River. An examination of the cuttings from 20 wells 
in the field shows that the shale member ranges between 15 and 43 feet in thick- 
ness, averaging 25 feet, and the sandstone member ranges between 46 and 100 
feet, averaging 78 feet. 

In many of the wells the sandstone in the upper 10 to 15 feet of the Swift is 
very light gray to whitish and contains medium to light gray micaceous shale 
partings. This light sandstone may possibly be a facies of the Sunburst zone, but 
from the “‘ribboned” structure and the presence of glauconite (?) grains, the 
writer regards the sandstone as the upper part of the Swift. 

Cut Bank area.—The Swift is absent over the greater part of the Cut Bank 
area (Fig. 4). The coarse Cut Bank sandstone at the base of the Kootenai lies 
unconformably upon the Rierdon in the Border-Red Coulee and Darling fields, 
and over most of the Cut Bank field. Around the town of Cut Bank and eastward 
for several miles, the Cut Bank sandstone rests on the basal glauconitic shale of 
the Swift. Farther east along parts of the eastern edge of the field, the Cut Bank 
sandstone overlaps the sandstone member of the Swift. Wildcat tests west and 
southwest of the field show the Swift sandstone member either thinned or removed 
by pre-Kootenai erosion. 

The sandstone member of the Swift has been called the ‘“‘Ribboned”’ sandstone 
and correlated with the Cut Bank sandstone largely because of the following 
reasons:* (1) the sandstones contain black chert which is most abundant toward 
the base, (2) the sandstones rest sharply on shale, (3) the total thicknesses of the 
sandstones are approximately the same, and (4) the sandstones appear to occupy 
the same stratigraphic position. It is not difficult to see why the two sandstones 
have been correlated because of stratigraphic position in the Cut Bank field 
inasmuch as the Cut Bank sandstone occupies a shallow basin eroded out of the 
Swift and Rierdon formations. An important factor not taken into account by 
earlier writers is that at one locality or another the Cut Bank sandstone rests 


% Blixt, op. cit, pp 363-64, 369, 371. 
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unconformably on continental beds, both members of the Swift, and on the 
Rierdon shales and limestones, whereas the ‘‘Ribboned” sandstone everywhere 
overlies a black-gray non-calcareous shale (shale member of Swift) in the area of 
Cut Bank development. Two important lithologic differences are: (1) the Swift 
sandstone is glauconitic; the Cut Bank is not glauconitic, and (2) the Swift sand- 
stone contains abundant thin hard black-gray micaceous shale partings, whereas 
shale partings in the Cut Bank are much less common, and are lighter gray, softer, 
and less micaceous. 

Sweetgrass Hills ——The Swift formation is much thinned and locally absent in 
an area covering approximately Ts. 34-37 N., Rs. 3-4 E. This is due to pre- 
Sunburst erosion, and is comparable to the condition in the Cut Bank field. Where 
all or most of the Swift is present, its lithologic features are similar to those in 
the Kevin-Sunburst field. In the section on Sage Creek in Sec. 8, T. 36 N., R. 5 E., 
most of the Swift formation has been omitted by faulting. However, the Swift 
is well exposed about a mile farther up Sage Creek. 

South arch—The Swift attains its thickest development in the area from 
Pendroy east through the Midway field. The shale member is as much as 95 feet 
in thickness in the Pondera field, and go feet in thickness in the Carter Oil Com- 
pany’s Warwick test No. 1, 4 miles north of the field in Sec. 14, T. 28 N., R. 4 W. 
In the Pendroy-Midway area the sandstone member ranges from 60 to go feet in 
thickness. 

The glauconitic zone at the base of the formation which is continuous over the 
Kevin-Sunburst dome and along the Rocky Mountain Front, is not developed 
over most of the South arch. However, chert pebbles and fragments of belemnites 
can be seen in cuttings from some of the wells in the Pendroy-Midway area. Well 
cuttings also show the presence of clay ironstones in the shale member in the same 
area. 

Southeast from the Pendroy-Midway area toward the Bannatyne field, the 
shale member becomes sandy as it does southeast of Sun River along the moun- 
tain front. In most of the wells the two members of the Swift can not be separated 
with certainty. In general, the lower part of the Swift contains more shale than 
the upper part. 

In the Bannatyne field where the Swift was the producing formation, it con- 
sists of fine- to coarse-grained sandstone becoming conglomeratic toward the base. 
The sandstone is composed chiefly of angular to subangular colorless quartz, 
subangular black and gray chert, some pyrite, and very little glauconite. The 
proportion of black chert increases toward the base where the sandstone is very 
coarse-grained to pebbly, pyritic, and almost black. Black-gray micaceous shale 
films occur throughout most of the beds. 

From the Bannatyne field south to the outcrop along the northern flank of the 
Little Belt Mountains, the Swift consists of thin-bedded, fine-grained sandstone 
which is usually coarse or pebbly at or near the base. In the Chamberlain’s Held- 
man well No. 1 in Sec. 6, T. 19 N., R. 2 W., the lower part of the formation con- 
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tains large white quartz or quartzite pebbles. This is an interesting occurrence 
inasmuch as most of the pebbles from well cuttings farther north are composed of 
dark chert. At the outcrop near Craig and eastward along the northern flank of 
the Little Belt Mountains, the pebbles in the basal part of the Swift are domi- 
nantly light gray or light tan quartzite. 

Along the northern flank of the Little Belt Mountains the Swift consists of 
massive thin-bedded sandstone forming prominent yellowish tan cliffs. The base 
of the sandstone is generally a conglomerate of variable thickness. Some of the 
quartzite cobbles are as much as 7 inches in diameter. In most of the sections 
examined by the writer the basal conglomerate passes within a short distance 
upward into fine- or even very fine-grained sandstone containing micaceous shale 
films along ripple-marked bedding surfaces. In places, lenses of conglomerate are 
present higher in the sandstone, and along Smith River some conglomerate 
streaks are present at the top. Shale partings are most abundant in the lower part 
of the sandstone just above the basal conglomerate. 


FOSSILS AND AGE 


The lower member of the Swift contains abundant water-worn belemnites in 
its base along the Rocky Mountain Front. Some belemnites and more rarely 
pelecypods occur higher in the shale. East of the Sweetgrass arch, on the east side 
of the Bearpaw Mountains, Imlay collected Quenstediceras from the lower part 
of the shale member and Cardioceras from the upper part. Regarding these fossils 
Imlay* says: ““The upper member of the Swift formation is probably Argovian 
on the basis of stratigraphic position. The lower member is of Divesian age in its 
lower beds that contain Quenstediceras, but its upper beds that contain Cardio- 
ceras may be either Divesian or Argovian.” 

The upper member of the Swift contains wood prints and rarely oyster shells 
and belemnites. In central Montana and at the type locality of the Ellis, the 
upper member of the Swift contains abundant oyster shells and a few other 
fossils indicating an Upper Jurassic age. 


GEOLOGIC HISTORY 


At the beginning of the upper Bathonian the Sweetgrass arch was a broad 
low uplift that extended from the Little Belt Mountain area north into Canada. 
The arch was constricted over the Kevin-Sunburst dome to a width of about 15 
or 20 miles by a prominent trough trending west from the Sweetgrass Hills to the 
Kevin-Sunburst dome and by a trough trending northeast from the Cordilleran 
area. Upon the southeastern part of the arch an embayment extended as far 
west as Belt Creek. Of the area shown in Figure 2 approximately 9,500 square 
miles are not covered by the basal sandstone and the shale member of the Saw- 


tooth. 


86 Personal communication. 
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The basal sandstone of the Sawtooth is a transgressive deposit which probably 
varies slightly in age from one locality to another. The Sweetgrass arch must have 
been very low inasmuch as the grain size of the basal sandstone is fine to very 
fine. 

As the marine waters transgressed upon the Sweetgrass arch, dark shale was 
deposited over the basal sandstone on the west side of the arch, and dark shale 
and limestone were formed in the Sweetgrass trough. The gypsiferous beds drilled 
in the S. G. S. Oil and Gas Company’s Smith well No. 1 in Sec. 22, T. 37 N., 
R. 7 E., were probably formed close to the northern shore of the trough. In the 
shallow Belt Creek embayment redbeds and gypsum were also deposited. 

Of the area shown in Figure 2 about 5,400 square miles are not covered by the 
siltstone member of the Sawtooth. This indicates a considerable decrease in the 
size of the Sweetgrass arch by the late Bathonian. The arch became an island by 
the joining of the two northern troughs across the Kevin-Sunburst dome, and 
by the westward extension of the Belt Creek embayment into the Cordilleran 
area. Marine waters trom the Sweetgrass Hills trough also spread south and 
southwest at least 30 miles. The axis of the late Bathonian island can be super- 
imposed almost upon the present axis of the South arch (Fig. 2). 

The upper part of the Sawtooth is silty or sandy everywhere. In the Belt 
Creek trough the massive poorly bedded sandy limestones display cross-bedding 
indicating agitated shallow-water deposition. West of the South arch the member 
is well bedded and was probably deposited in quiet shallow water. In the Sweet- 
grass Hills trough the top of the member is coarse-grained and pebbly. The 
pebbles may have come from some uplift farther east, or possibly from chert in 
the Madison limestone of the northeastern part of the South arch. Volcanism 
during the upper Bathonian produced several thin bentonite layers in the middle 
and upper parts of the Sawtooth. 

During the Callovian stage marine waters transgressed across all the north- 
western part of the South arch. The absence of the Rierdon in the Belt Creek 
trough suggests that the South arch was slightly tilted toward the northwest, 
whereas the southeast end was lifted slightly above sea-level. However, early 
Divesian erosion removed some of the Sawtooth from the southern part of the 
South arch, and if the Rierdon had been deposited there, the record may now be 
lost. 

The Sweetgrass Hills trough continued to be a prominent feature throughout 
the Callovian. The Kevin-Sunburst dome remained high although submerged. 
The size of the South arch decreased during the Callovian toan area of about 4,700 
square miles. 

The rather uniform character of the Rierdon limestones and shales indicates 
quiet-water deposition. The general lack of clastics suggests that the South arch 
must have been almost at sea-level. 

At the close of the Callovian, marine waters retreated from the area. The 
Sawtooth limestones in the Belt Creek trough were eroded considerably, and part 
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of the Rierdon was removed from the Kevin-Sunburst dome and along the 
Rocky Mountain Front. The pronounced thinning of the Rierdon in the area 
south of the Devon gas field (Fig. 3) is probably a result of early Divesian erosion. 

By middle or late Divesian, marine waters had again transgressed the entire 
area. The deposits consisted of sand and dark mud. The abundance of ripple- 
marks, cross-bedding, and prints of driftwood indicate shallow-water deposition. 
The sediments became increasingly sandy south toward the Little Belt Mountain 
uplift. 

At the beginning of the Kimmeridgian, the marine waters retreated from the 
area.*’ Continental deposition followed, in which dark greenish gray clay shale, 
variegated mudstone, fresh-water limestone, and very fine-grained lenticular beds 
of sandstone were formed conformably above the Swift sandstone. At a later date, 
probably at the close of the Jurassic, all of the Swift and part of the Rierdon were 
removed by erosion from parts of the Cut Bank and Whitlash areas before the 
deposition of the Cut Bank and Sunburst sandstones. 


CONCLUSIONS 


The marine Jurassic rocks of the Sweetgrass arch are divisible into three major 
lithologic units. The basal unit is chiefly sandstone, siltstone, sandy limestone, 
sandy oélite, and shale. The medial unit is largely limy shale and nodular lime- 
stone. The upper unit is dark non-calcareous micaceous shale and flaggy glauconit- 
ic sandstone. The writer proposes to give these units formational rank, naming 
them the Sawtooth, Rierdon, and Swift formations. The Sawtooth is of upper 
Bathonian age, the Rierdon of upper Bathonian and Callovian age, and the Swift 
of Divesian and Argovian age. Inasmuch as all, or most of, these beds have been 
included in the Ellis formation, the writer proposes to raise the Ellis to group 
rank. 

The beds composing the Sawtooth and Rierdon formations and the shale 
member of the Swift have been assigned to the Ellis by all previous workers. The 
upper or sandstone member of the Swift has been variously treated as either part 
of the Ellis or the basal part of the Lower Cretaceous Kootenai formation. 

Fine-grained continental deposits consisting chiefly of greenish gray clay shale 
and fresh-water limestone and which conformably overlie the Swift formation, 
have been included in the Ellis by some workers. These beds are assigned to the 
Morrison formation by the writer. 

The Sweetgrass arch was a structural feature during the Bathonian and Cal- 
lovian stages. It consisted of two major structures, the Kevin-Sunburst dome and 
the South arch. The axes of these structures almost coincide with the present 
axes. Most of the South arch remained above sea-level during the Bathonian and 
Callovian. The Kevin-Sunburst dome was submerged but remained high. 


37 Ralph W. Imlay, “Jurassic Formations of Gulf Region,” Bull. Amer. Assoc. Petrol. Geol., 
Vol. 27, No. 11 (1943), p. 1526. 
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A pronounced unconformity occurs at the base of the Swift formation and 
represents early Divesian time. Parts of the Sawtooth and Rierdon formations 
were removed by erosion during this interval. 

Possibilities for commercial accumulation of petroleum in the weathered sur- 
face of the Madison limestone on the Sweetgrass arch are negligible in the absence 
of the Sawtooth or Rierdon formations. The Cut Bank field has been localized 
where an unconformity has brought the Cut Bank sandstone into direct contact 
with the Rierdon. 


LOCAL SECTIONS 


The following sections are presented to show the general lithologic features of 
the Ellis group in the Sweetgrass arch area. The Rierdon Gulch and Swift Reser- 
voir sections are typical of the Ellis along the Rocky Mountain Front north of 
Sun River. The Sun River section shows sandy beds in the shale member of the 
Swift formation. The section near Craig shows the character of the Swift nearly 
midway between the massive sandstone facies of the Little Belt Mountains and 
the shaly facies of the Rocky Mountain Front north of Sun River. The section on 
Belt Creek is presented mainly to show the gradation from Sawtooth to Gypsum 
Springs sediments. For the Ellis section in the Sweetgrass Hills, the reader is re- 
ferred to Sanderson*® or Russell and Landes.*® 


RIERDON GULCH SECTION 


A section was measured through the Ellis by Deiss*® on the divide between the 
heads of Rierdon and Slim gulches in the Sawtooth Range in the S. } of Sec. 23, 
T. 24 N., R. 9 W. Deiss shows a 33-foot covered unit in beds assigned to the 
siltstone member of the Sawtooth in this report. All of the Sawtooth is exposed at 
one place or another from the divide between the heads of Rierdon and Slim 
gulches northwest down Rierdon Gulch for } mile. In order to show more detail 
and the divisions of the Ellis, the writer measured and described the following 
section in the W. 3 of Sec. 23, T. 24 N., R. 9 W. This section is the type for the 
Sawtooth and Rierdon formations. With the exception of the massive bed of fine- 
grained sandstone at the base of the upper or sandstone member of the Swift, the 
lithologic characteristics of the formation are very similar with the Swift at Swift 
Reservoir. In Rierdon Gulch the Swift is conformably overlain by greenish gray 
clay shale with dense gray limestone nodules and dark gray shale containing 
charophyte odgonia and ostracods which appear to be of Morrison age. 


38 Sanderson, op. cit. 

39 Russell and Landes, of. cit. 

40 Deiss, op. cit. 

{| Examined by Raymond E. Peck. 
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Swift formation 
Sandstone member 
41. Sandstone and shale: light gray fine- to very fine-grained sandstone in thin 
hard ripple-marked flags containing black-gray micaceous shale films; 
much interbedded with black-gray micaceous shale containing light gray 
sandy streaks. Lower 15 feet contains some dark coarse-grained sandstone 
flags, in places pebbly. Trails or burrows present throughout unit. Sand- 
stone and shale, hard, forming cliffs stained rusty brown. Shale surfaces 
40. Sandstone: medium gray, fine-grained, calcareous, massive, non-bedded. 
Varies greatly in thickness. Very hard; forms cliff.................... 
39. Sandstone and shale: medium gray fine-grained sandstone interbedded with 
black-gray micaceous fissile shale. 
38. Sandstone: light gray weathering drab brown, very fine-grained, massive, un- 
Shale member 
37. Shale: dark gray, very finely micaceous, rather chunky, firm; contains very 
hard slightly calcareous siltstone partings, large tan-weathering calcareous 
concretions, and smaller brown-weathering clay ironstones............. 
36. Shale: dark gray, chunky, highly glauconitic; contains water-worn belem- 


Unconformity 
Rierdon formation 
Upper limy shunky shale member 
35. Limestone and shale: medium gray with olive-green cast. About 15 buff- 
weathering, gray dense limestone layers 2 to 6 inches thick alternating 
with limy chunky shale forming a banded outcrop. Numerous fossils, 
chiefly Gryphaea nebrascensis Meek and Hayden....................- 
34. Shale: medium gray with olive-green cast, very limy, chunky; contains a row 
of distantly spaced white barite concretions as much as 10 inches in diame- 
33. Shale: medium gray, limy, chunky; contains beds of hard buttress-forming 
shale, and in places, shaly nodular limestone ....................005- 
Fissile shale member 
32. Shale: medium gray with olive-green cast but slightly darker than overlying 
units, fissile. Contains ro limy chunky shale beds forming buttresses and 
which contain 8 buff-weathering nodular limestones 4 to 8 inches thick. 
Upper part most calcareous, and contains a few white barite nodules as 
31. Shale: medium gray with olive-green cast, limy, chunky. Contains 2 buff- 
weathering nodular limestones at top and bottom, each overlain by 1-inch 
layers of rusty shale containing water-worn Gryphaea impressimarginata 
30. Shale: medium gray with olive-green cast but darker than underlying and 
overlying units, fissile, slightly calcareous. 
Lower limy chunky shale member 
29. Shale: medium gray with olive-green cast, limy, chunky; contains a few dense 
gray nodular limestones. Fossiltferous. 


Total thickness of Rierdon formation.................0.0.0000000% 
Sawtooth formation 
Siltstone member 
a8. Bentonite: light gray, highly limonitic. 
27. Limestone: medium gray, silty, very finely pyritic, hard, shaly; contains 
comminuted fossils and traces of giauconite..................e00000-- 


26. Siltstone: light gray weathering orange tan, highly calcareous, very finely ~ 


glauconitic and limonitic; contains numerous Camptonectes............. 
25. Siltstone: light gray weathering orange tan, calcareous, very finely glauconitic 
and limonitic; in hard and soft beds 1 foot to less than 1 inch in thickness. 
24. Siltstone: light gray weathering orange tan, calcareous, very finely glauconitic 
and limonitic; in hard beds averaging 1 foot in thickness separated by 
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Feet 
23. Siltstone: medium gray, calcareous, shaly, soft................eeeeeeees 2 
22. Siltstone: medium gray weathering orange tan, calcareous, very finely glau- 
conitic and limonitic, more or less thick-bedded and massive; contains 
abundant Pleuromya and Camptonectes 7 


1g. Shale and siltstone: dark medium gray soft silty chunky shale; brownish- 
weathering calcareous, very finely limonitic chunky siltstone. Fossiliferous 4 

18. Siltstone: medium gray weathering orange tan, calcareous; in 4- to 18-inch 

17. Shale and siltstone: dark medium gray non-calcareous fissile shale inter- 
bedded with buff- and brown-weathering hard and soft calcareous siltstone 


containing black phosphatic pellets. Fossiliferous..................... 5 
Shale member 
16. Shale: dark medium gray, non-calcareous, fissile.................00-2005 5 


14. Shale: medium gray, fissile, more or less calcareous; contains numerous light 
gray- to buff-weathering, medium gray limestone nodules, and many black 


13. Shale and bentonite: light to medium gray, micaceous.................. I 
12. Shale: medium gray, limy, chunky, very finely pyritic; weathers to light 
11. Shale: medium drab gray, calcareous, chunky to fissile................-. 19 
10. Limestone: dark medium gray weathering light bluish gray and buff, dense 
9. Shale: medium drab gray, non-calcareous to slightly calcareous, silty, 
chunky; contains very fine sandy partings often crowded with black phos- 
8. Shale: dark gray, fissile, and non-calcareous to medium drab gray, chunky, 
and calcareous. Some bedding planes stained yellow.................. 8 
7. Limestone: dark medium gray-weathering light bluish gray, dense, minutely 
6. Shale: medium drab gray, calcareous, soft, fairly fissile. Some bedding 
5. Limestone and siltstone: dark medium gray, dense, very finely pyritic, hard; 
4. Shale: dark medium gray, fissile; bedding planes stained yellow Lower part 
contains brownish-weathering finely micaceous shaly siltstone partings, 
and rarely light gray very fine-grained quartz sandstone Upper part soft 
8 


3. Limestone: dark medium gray, dense; weathers light bluish gray. Top sur- 
~ ‘aaeed contains black phosphatic pellets less than 3 mm. in 

2. Shale: black gray to dark medium gray, noncalcareous, fissile. Bedding sur- 
faces in lower part stained yellow. Contains a few thin shaly fine-grained 
— partings in lower part, and in places lenses of black phosphatic 

Sandstone member 

1. Sandstone: light gray more or less stained brown, very fine-grained, cal- 
careous, very finely pyritic. Composed chiefly of angular to subangular 
colorless quartz. Massive and thick-bedded to thin-bedded or shaly; ordi- 
narily ripple-marked. Locally contains black phosphatic pebble lenses. 


Thickness variable; rests unconformably on Hannan limestone......... I 
Total thickness‘of Sawtooth formation: 136 


SWIFT RESERVOIR SECTION 


1293 


The following section is composite from measurements made in the immediate 
vicinity of Swift Reservoir in T. 28 N., R. ro W., Pondera County. The section 
is the type for the Swift formation, which was measured on the north shore in the 
NE. j of Section 27. The Swift is overlain conformably by Morrison green cal- 
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careous clay shale containing a fresh-water limestone at the base and several tan- 
weathering fine-grained lenticular sandstone beds higher in the section. The 
Rierdon formation and the basal sandstone member of the Sawtooth were meas- 
ured in a gulch east of Swift Reservoir in the SW. } of Section 26 where the 
Sawtooth rests unconformably on the Hannan limestone. The rest of the Saw- F 
tooth was measured along the north shore of the reservoir just northeast of the 
Swift section. When the reservoir is low, the Rierdon is exposed along the water’s 

edge. 


Swift formation 
Sandstone member 
46. Sandstone: gray, fine-grained, thick- and thin-bedded; contains some black- 
gray ripple-marked micaceous shale partings. Resistant, forms upper part 
45. Sandstone and shale: gray fine- to very fine-grained hard sandstone in thin 
ripple-marked flags containing abundant black-gray micaceous shale ha 
films; much interbedded with bluish-weathering, black-gray micaceous t 
shale, Unit contains numerous burrows or trails. Resistant, forms ledge 
44. Sandstone: gray, fine-grained; in thin hard ripple-marked flags containing 
43. Sandstone: dark gray, coarse-grained, ripple-marked, hard; composed chiefly 
of angular colorless quartz and subangular black and gray chert........ 8 
42. Shale: dark gray, hard; contains ripple-marked micaceous siltstone partings 
41. Conglomerate: dark gray, hard, lenticular. Composed of small black chert 
pebbles and water-worn belemnites with lesser amounts of oyster frag- 
ments, calcareous worm(?) tubes, fish teeth, and glauconite in a fine cal- 
Shale member 
40. Shale: dark gray with slight greenish cast, very finely micaceous, firm; con- 
tains thin layers of hard gray calcareous siltstone more or less ripple- 
marked. Few large bright rusty tan-weathering, dark gray hard calcareous 
concretions. Rarely a thin lenticular bed composed of fragments of belem- 
39. Shale: dark gray with slight greenish cast, very finely micaceous, firm, non- 
calcareous; contains rusty brown-weathering, dark gray hard calcareous 
concretions as much as 3 feet in diameter, and smaller soft limonitic con- 
cretions. Some pelecypod impressions in shale...................2000 47 
38. Sandstone: greenish, fine-grained, highly glauconitic; contains here and there 
z round black chert pebble as much as } inch in diameter, and water-worn 


Feet Inches 


Unconformity 
Rierdon formation 
37. Shale: largely medium gray with olive-greenish cast, limy; dark slightly cal- 
careous to non-calcareous fissile member in lower part. Contains many 
buff-weathering 4- to ro-inch layers of medium gray hard dense nodular 
limestone, and beds of hard limy shale weathering to buttresses. Fossilifer- 
ous. Upper part contains large white barite concretions.......:....... 140+ 


Total thickness of Rierdon formation. .. 140+ 
Sawtooth formation 
Siltstone member 

36. Siltstone: light gray weathering bluish gray to buff, highly calcareous, very 
finely glauconitic and pyritic, thick- and thin-bedded, hard. Fossils rare, 

chiefly Gryphaea impressimarginata 30+ 
35. Siltstone: gray to buff gray, calcareous, poorly bedded; contains abundant 

pelecypods 
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Feet Inches 
34. Siltstone: gray weathering tan, calcareous, very finely pyritic, rather mas- 
4 32. Shale and siltstone: medium gray, calcareous, chunky................... 
30. Shale and siltstone: medium gray, calcareous, soft, chunky. Fossiliferous, 
2g. Siltstone: medium gray weathering brown, calcareous, hard, fossiliferous. . I 
28. Siltstone: medium gray, calcareous, fossiliferous; contains black phosphatic 
Shale member 
: 27. Shale: dark medium gray with olive-green cast, calcareous, chunky. Bedding 


26. Shale: dark gray with olive-green cast, non-calcareous, fissile............. 6 
25. Shale: dark medium gray with olive-green cast, calcareous, chunky. Bedding 
24. Limestone: dark medium gray, dense, hard, nodular; weathers brownish .. 6 
23. Shale: dark medium gray with olive-green cast, fissile, noncalcareous..... 
22. Limestone: drab gray, silty, hard; weathers brown; contains a few black 
21. Shale: lower part black-gray, non-calcareous, fissile; upper part dark medium 
20. Shale: dark medium gray, calcareous, chunky; contains black phosphatic 
ie 18. Shale: dark gray, limonitic; contains black phosphatic pellets and fragments 
of small oysters and other I 
17. Shale: dark medium gray with slight olive-green cast, calcareous, chunky; 
contains a few black phosphatic pellets. Bedding surfaces stained purple. 9 6 
16. Shale: dark gray; contains abundant small black phosphatic pellets and a 
15. Shale: dark medium gray with slight olive-green cast, slightly calcareous, 
fissile; contains some pelecypod impressions. Bedding surfaces stained 
14. Shale: dark medium gray with slight olive-green cast, calcareous, chunky. . 2 
13. Shale: dark medium gray with slight olive-green cast, ‘calcareous, chunky to 
fissile; contains scattered gray calcareous clay pebbles coated purplish 
12. Concretions: dark gray weathering brown, calcareous, dense, hard........ 
11. Shale: medium gray, fissile. Bedding surfaces stained brown............. 
10. Shale: black gray, non-calcareous, fissile. Bedding surfaces stained yellow. . 
9. Conglomerate: black phosphatic pebbles as much as 1 inch in diameter and 
water-worn belemnites in a pyritic, calcareous, siltstone matrix. Weathers 
. Shale: dark bluish gray, non-calcareous, fissile; contains scattered small 
buff-gray clayey nodules and water-worn belemnites in upper part. Bed- 
5. Conglomerate: black phosphatic pebbles as much as 3 inch in diameter and 
water-worn belemnites in drab-buff calcareous siltstone............... 4 
4. Shale: black gray, non-calcareous, fissile; contains some sandy and glau- 
Sandstone member 
3. Sandstone: medium gray weathering tan, very fine-grained, calcareous, 
thick- and thin-bedded; contains pelecypods and belemnites........... 5 
2. Sandstone: medium gray, very fine-grained, calcareous, thin-bedded; con- 
tains ripple-marked dark gray sandy, shale partings.................. 
1. Clay: gray, siliceous; contains rusty brown porous limonitic nodules. ..... I 
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Total thickness or Sawtooth formation’ .... 198+ 


i 

at 

Cees 

| 
4 


1296 W. A. COBBAN 


SUN RIVER SECTION 


This section was measured in a gulch south of the North Fork of Sun River in 
the SW. 3 of Sec. 36, T. 22 N., R. 9 W., Lewis and Clark County. The Swift 
formation is overlain conformably by greenish clay shale and mudstone of the 
Morrison. The Sawtooth rests unconformably on the Hannan limestone. 


Feet Inches 


Swift formation 
Sandstone member 
13. Sandstone: medium gray to buff, fine-grained, calcareous, thin-bedded, 
more or less finely cross-bedded; some ripple-marks; weathers tan. Re- 
12. Sandstone and shale: gray fine- to very fine-grained sandstone in thin hard 
ripple-marked flags containing abundant black-gray micaceous shale 
films; much interbedded with black-gray micaceous shale containing gray 
sandy streaks. Sandstone and shale contain numerous trails and burrows. 
Unit is resistant forming cliffs stained rusty brown. Shale weathers bluish 60 
Shale member 
11. Limestone: dark gray weathering brown, dense, hard, concretionary; grades 


upward into fine-grained calcareous sandstone.................0.000 2 
10. Shale: dark gray, more or less sandy; contains many thin lenses of fine- 


9. Concretions: gray weathering reddish brown, calcareous, dense, ferruginous I 
8. Shale: dark gray; contains thin fine-grained ripple-marked sandstone lenses. 


7. Sandstone: greenish, fine-grained, highly glauconitic, soft. Base locally 
crowded with water-worn belemnites...............0scecccccceseees 6 
Unconformity 
Rierdon formation 
6. Shale: medium greenish gray, limy, largely chunky; contains many thin 
beds of buff-weathering, gray dense, hard limestone. Fossiliferous...... . 121 
Sawtooth formation 
Siltstone member 
5. Siltstone: medium gray, thick- and thin-bedded, calcareous, fossiliferous, 
hard. Lower part contains dark sandy shale layers.................... 25 
Shale member 
3. Shale: dark gray, calcareous, massive, fossiliferous; weathers buff ...... I 
2. shale: dark gray, calcateous, Tinely Sandy 6 
Sandstone member 
1. Sandstone: light to medium gray, very fine-grained, calcareous, hard, mas- 
Total thickness of Sawtooth formation .............cceccccceseces 47 
286 6 


CRAIG SECTION 


The following section was measured 2.3 miles by road southwest of Craig in a 
ravine west of the road in the SW. j of Sec. 16, T. 15 N., R. 3 W. The section lies 
a few hundred feet southwest of a major fault thrusting Mississippian rocks upon 
the Upper Cretaceous. Limestones in the lower part of the Sawtooth are brec- 
ciated and shales show slaty cleavage. These disturbed limestones and shales of 
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the lower Sawtooth were not measured inasmuch as true thicknesses and bedding 
character could not be determined. The sandstone member of the Swift is in fault 
contact with the underlying shale member resulting in the omission of some of the 
shale. About } mile southwest of the section and higher on the mountain, Imlay® 
measured a total thickness of go feet for the shale member of the Swift. The 
Morrison overlies the Swift. 


Feet Inches 
Swift formation 
Sandstone member 
20. Sandstone: yellowish tan-weathering, largely fine-grained, thick- and thin- 
bedded, slightly glauconitic; some cross-bedding and ripple-marks; con- 
tains some prints of driftwood. Resistant, forming massive cliffs........ 55 
Fault contact 
Shale member 
19. Shale: dark gray, micaceous, hard; contains abundant lenses of fine- to very 
fine-grained glauconitic sandstone containing bluish-weathering shale 
18. Shale: dark gray, finely micaceous, firm; contains some very fine-grained 
sandy streaks especially in the upper 24 6 


17. Sandstone and shale: light to medium gray very fine-grained sandstone 

lenses commonly less than one inch in thickness interbedded with dark 

gray very finely micaceous shale. Weathers to brownish ledge ......... 8 4 
16. Conglomerate: rounded pebbles and cobbles of tan quartzite and dark gray 

chert as much as 7 inches in diameter with smaller pebbles of limestone; in 

matrix of calcareous fine-grained sandstone................00eeeeeeee 6 


Unconformity. Rierdon formation absent 
Sawtooth formation 
Siltstone member (largely silty or sandy limestone) 
15. Limestone: medium gray weathering yellowish to brown, sandy, massive; 
14. Limestone, shale, and siltstone: brownish-weathering, sandy; in layers 6 to 
12. Limestone: medium gray, sandy, odlitic, hard, massive. Composed of a dense 
buff silty, limy matrix containing dark medium gray calcareous odlites, 
subangular to subrounded colorless quartz grains, some subangular black 
Chert grains, avid COMMINULCH LOSSES. 3 6 
10. Limestone: medium gray weathering bright tan, silty to very finely sandy; 
7 
6 


loo 


. Limestone: medium gray weathering tan, finely sandy, thick-bedded...... I 

. Sandstone and shale: light gray very fine-grained flaggy sandstone composed 
almost entirely of subangular to subrounded colorless quartz grains; and 

. Limestone: medium gray weathering tan, more or less finely sandy; in beds : 
1 to ro inches in thickness separated by shaly limestone, medium gray = 
limy chunky shale, or black-gray fissile noncalcareous shale ........... 9 i: 

. Shale: dark medium gray weathering bluish gray or buff, limy, slaty cleavage 

. Limestone: medium gray weathering tan buff. Lower part sandy and very 
finely pyritic. 

2. Shale: dark medium gray weathering bluish gray or buff, limy, slaty cleavage 

1. Limestone: medium gray, hard, massive, brecciated..................04- 


op 


Total thickness of measured Sawtooth. 45 I 


42 Personal communication. 
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BELT CREEK SECTION 


The Ellis is exposed along both sides of Belt Creek valley 8 to 9 miles south of 
Belt. A completely exposed section does not occur at any one place, and in 
general, the outcrops are slumped. The following section is composite from 
measurements made in a cut in Highway No. 89 in the SE. } of Sec. 36, T. 18 N., 
R. 6 E., along the east side of Belt Creek and in an old highway cut in the SE. } 
of Sec. 36, T. 18 N., R. 6 E., and on the west side of Belt Creek in the E. } of 
Sec. 2, T. 17 N., R. 6 E. The Sawtooth equivalent overlies unconformably the 
Otter shale of the Big Snowy group. The Swift formation is overlain conformably 


by green clay shale of the Morrison. 
Feet Inches 
Swift formation 
22. Sandstone: tan weathering, fine- to medium-grained, thick- and thin-bedded, 
locally cross-bedded; contains wood impressions. Finer-grained and 
thinner-bedded toward the top. Composed chiefly of angular to sub- 
angular colorless quartz grains and minor amounts of medium to dark gray 
chert. Joint faces in middle of unit coated with dark desert varnish dis- 
playing many colors. Massive, forms bluffs...................000000 
21. Sandstone: tan weathering, fine- to very fine-grained; contains wood prints. 
Ripple-marked bedding surfaces contain micaceous shale films......... 13 
20. Sandstone: tan weathering, coarse-grained; contains lenses of conglomerate 
and scattered pebbles as much as 1.5 inches in diameter. Some prints of 
wood and partings of very fine-grained sandstone and siltstone......... Io 
19. Conglomerate: rounded to subrounded pebbles and cobbles of tan and gray 
quartzite and medium to dark gray chert as much as 5 inches in diameter; 
in tan fine- to coarse-grained hard calcareous sandstone. Contains some 


Unconformity. Rierdon formation absent 
Sawtooth equivalent 
18. Limestone: yellowish, dense, chalky; weathers brown................--- I 
17. Limestone: buff, soft, chalky, shaly. Few fossils....................+25 2 
16. Shale: light gray weathering bluish gray; contains some fossils and tiny 
15. Limestone: light gray, dense, poorly bedded, highly fossiliferous; contains 
some sand grains and tiny green clay 5 
14. Limestone: medium gray, dense to finely crystalline, sandy, hard; in wavy 
beds averaging 2 feet in thickness; weathers brownish; contains a few thin 
green shale parting. Upper part contains abundant fragments of Penta- 


12. Limestone: light gray, dense, massive; weathers yellowish tan. ......... 
10. Limestone: medium gray to slightly reddish gray, very finely crystalline to 
9. Limestone and shale: yellowish and green, soft, poorly bedded. Much lime- 
8. Limestone: creamy buff, dense, hard; weathers yellowish................ 9 
6. Limestone: medium gray, dense, fossiliferous; in beds 6 inches to 2 feet thick; 


4. Shale and siltstone: maroon, green, and yellow, sandy, calcareous, gypsifer- 

ous. Some thin yellowish odlitic limestones in lower part............... 26 
3. Siltstone and limestone: massive pale gray calcareous siltstone grading up 


an 


4 
4 
i 
; 
| 
14 
3 


MARINE JURASSIC FORMATIONS OF SWEETGRASS ARCH 1299 


Feet Inches 
2. Siltstone: light gray to buff, calcareous, hard and soft; contains a few sand 
1. Siltstone: light gray to buff, calcareous, massive, poorly bedded to non- 
bedded; contains scattered colorless quartz grains. Basal part contains 
large fragments of limestone derived from Otter formation............. 7 
Total thickness of Sawtooth equivalent....................0000005 go 7 


ELLIS WELL LOGS 


The following well logs are presented to show the general lithologic features 
of the Ellis group in the Bannatyne, Pondera, Midway, Cut Bank, and Kevin- 
Sunburst oil and gas fields. In the Bannatyne, Pondera, and Midway fields the 
Swift formation is overlain conformably by green or greenish gray clay shale of 
the Morrison. In the Cut Bank field the Cut Bank sandstone rests unconformably 
on the shale member of the Swift in Hannah-Porter’s Marceau No. 1, and un- 
conformably on the Rierdon in the Carter’s Tribal No. 25. The Parrent’s Mc- 
Alpine No. 1 is several miles north of the Kevin-Sunburst field, but the lithologic 
features of the Ellis are typical of the field. In the McAlpine well the Swift forma- 
tion is overlain unconformably by light greenish gray and lavender-gray sandy 
bentonitic mudstone of the Sunburst zone. 


BANNATYNE FIELD. GENOU Ort CompaANy’s SPEER No. 1, SEc. 8, T. 25 N., R. 1 E. 


Thick- 
ness in 
Feet 


Swift formation (lower part) 
Sandstone: medium gray, coarse-grained, poorly sorted, porous. Composed 
almost entirely of angular colorless quartz and black chert with a little 
bluish gray or white chert and very little pyrite. Contains some black- 
gray micaceous shale partings with fine-grained glauconitic sandy streaks 1,450-1, 460 10 
Sandstone: dark gray, coarse- to very coarse-grained, porous. Grain size 
and proportion of dark chert increases toward base where pebbles of dark 
chert as much as } inch in diameter are present, and sandstone is black 


Unconformity 
Madison limestone 


PONDERA FIELp. Etxiort et al. Jones No. 1, SEc. 17, T. 27 N., R. 4 W. 


Thick- 
Depth ness in 
in Feet Feet 
Swift formation 
Sandstone member 
Sandstone: light gray, fine-grained, thin-bedded, glauconitic; contains 
black-gray micaceous shale films. Basal 1 or 2 feet medium- to coarse- 
Shale: dark gray, finely micaceous; contains thin streaks of light gray 
very fine-grained slightly glauconitic sandstone.................-. -1,804 23 


Sandstone and shale: medium gray fine-grained thin-bedded glauconitic 
sandstone interbedded with dark gray micaceous shale. Base is me- 
dium- to coarse-grained pyritic chert sandstone................-.. -1,920 26 
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: ness in 
in Feet Feet 
Shale member 
Shale: dark gray, finely micaceous; contains some partings of very fine- 
grained slightly glauconitic sandstone and fragments of drab-brown 
clay ironstone. Lower 30 feet pyritic. Basal few inches highly glau- 
Total thickness of Swift formation 166 | 
Unconformity 
Rierdon formation 
; Shale and limestone: medium gray, finely pyritic, dense. Contains frag- 
Total thickness of Rierdon 19 
Unconformity 
Madison limestone 
Mipway Frexp. R. C. Tarrant’s Woop No. 1, SEc. 32, T. 28 N., R. 1 W. 
De, | 
in Feet Feet 
Swift formation 
Sandstone member 
Sandstone: light to medium gray, very fine-grained, slightly glauconitic; 
contains abundant dark gray micaceous shale films................ 1, 795-1, 817 22 
Sandstone: light to dark gray, fine- to medium-grained, slightly glau- 
conitic and pyritic, hard; contains dark micaceous shale films ... =1,820 3 | 
Sandstone: light gray, fine-grained, glauconitic; contains dark micaceous 
Samples missing. Should be glauconitic sandstone with dark micaceous 
shale partings according to records of near-by wells............... -1, 865 35 
Shale member 
Shale: dark gray, finely micaceous..............2.02.eeseeeeeeeee -1,900 35 
Shale: dark gray, finely micaceous; contains very fine hard pyritic silt- 
stone partings. Becomes increasingly pyritic toward base........... -1,940 40 
Unconformity 


Madison limestone 


SoutH Cut BANK FIELD. HANNAH-PorTER’S MarcEAu No. 1, SEC. 3, T. 31 N., R. 6 W. 


Depth Thick- 
in Feet 
Feet 
Swift formation 
Shale member 
Shale: dark gray, very finely micaceous; contains a few pyritic spots and | 
rarely a slightly glauconitic siltstone parting..................... 3,090-3, 107 17 
Total thicknéss of Swilt formation... 17 


Unconformity 
Rierdon formation 


Upper limy chunky shale member 
Shale and limestone: medium gray limy shale with faint greenish cast; 
light to medium gray dense limestone. -3,110 3 


| 
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Depth Thich- 
ness in 
in Feet Feet 
Shale: medium gray with faint greenish cast, limy. Few thin layers of 
dense minutely pyritic limestone. Gryphaea fragments. Shale and 
limestones contain some scattered glauconite grains as much as 0.5 
Shale: dark medium gray, calcareous. Few thin medium gray dense 


Dark fissile shale member 
Shale: dark gray, slightly calcareous to non-calcareous, fissile, very finely 
pyritic. Much light gray dense limestone in lower 5 feet........... —3,175 15 
Lower limy chunky shale member 
Shale and limestone: medium gray limy minutely pyritic shale; medium 
gray dense minutely pyritic —3,197 


22 
Total thickness of Rierdon formation...................s0s000 go 


Sawtooth formation 
Siltstone member 
Siltstone or silty limestone: light to medium gray, limy, finely pyritic, hard, 
fossiliferous; contains a few scattered glauconite grains............ —3, 211 14 
| Siltstone and shale: medium gray, calcareous, finely pyritic.......... —3,223 12 
Shale member 
Shale: dark gray to black gray, non-calcareous, fissile, finely pyritic. Few 
thin layers of brownish gray dense finely pyritic limestone. Some dark 
Sandstone member 
Siltstone: very light gray, non-calcareous, very finely pyritic, hard; con- 


Total thickness of Sawtooth formation....................006. 41 

Unconformity 


Madison limestone 


| Nortu Curt BANK FIELD. CARTER’s TRIBAL NO. 25, SEC. 27, T. 36 N., R. 6 W. 


Thick- 
| Depth ness in 
in Feet Feet 


Rierdon formation 
Upper limy chunky shale member 
Shale: medium greenish gray, limy 3,152-3,160 8 
Shale: medium greenish gray, limy. Several thin light to medium gray 
dense limestone layers with some pyritic spots. Shale and limestones 
contain a few scattered glauconite grains as much as 0.7 millimeter in 


diameter, and fragments of Gryphaed -3,180 20 
Shale: medium greenish gray, limy. Some thin beds of medium gray 
dense limestone. Fragments of —-3,200 20 


Dark fissile shale member 
Shale: dark gray, slightly calcareous to non-calcareous, very finely py- 
ritic, fissile. Much light gray minutely pyritic dense limestone...... —3,221 2I 
Lower limy chunky shale member 
Shale: medium greenish gray, limy, minutely pyritic. Much medium 
gray minutely pyritic dense limestone. Few fragments of Gryphaec. . —3,230 9 
Shale: medium greenish gray, limy, minutely pyritic. Some medium-gray 
minutely pyritic dense limestone and darker pyritic, slightly glau- 


| 
Total thickness of Rierdon 88 
j 
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Sawtooth formation 
Siltstone member 
Limestone: light gray, silty, finely pyritic, slightly glauconitic, hard; con- 
tains fragments of Gryphaea. At top a thin layer of limy very fine- 
grained sandstone containing gray chert granules................. -3,245 5 
Siltstone’ medium gray, limy, very finely pyritic, hard, thin-bedded; 
contains an occasional glauconite grain. Some interbedded dark gray 
Shale: dark medium gray, very slightly calcareous.................. -3, 280 10 
Limestone and shale: light to medium gray very finely sandy, glauconitic 
hard limestone containing black phosphatic pellets, pyritic spots, and 
fragments of Gryphaea; interbedded with dark gray shale. Pyritic 
Shale member 
Shale: dark gray to black gray, slightly calcareous to non-calcareous; 
some parts very finely pyritic; contains an occasional finely pyritic 
sandy layer and a few black phosphatic pellets................... 3,313 27 
Sandstone member 
Sandstone: light gray, calcareous, very slightly porous; composed of fine 
to very fine colorless quartz grains with a few coarse colorless quartz 
grains and pelecypod fragments. Contains films of black-gray shale 
and some pyritic spots. Base of sandstore is fine-grained, glanconitic, 


-3, 286 6 


and porous, and contains large light and dark gray chert pebbles... 3,317 4 
Total thickness of Sawtooth formation.................0eeeees 77 


Unconformity 
Madison limestone | 


Kevin-SunBurst Dome. R. G. PARRENT’s MCALPINE No. 1, SEC. 25, T. 37 N., R. 3 W. 


Depth | 
in Feet 
Feet 


Swift formation 
Sandstone member 

Sandstone: very light gray, fine- to very fine-grained, clayey; contains 
abundant light gray micaceous shale films. Composed chiefly of color- 
less quartz grains cemented by white clay with spots of brown siderite. 
Unit may be a facies of the Sunburst sandstone................... 1,876-1, 895 19 

Sandstone: light gray, very fine-grained; contains abundant black mica- 
ceous shale films. Composed of colorless quartz grains and some black 


Sandstone: light gray, fine-grained, slightly glauconitic; contains abun- 

dant black-gray micaceous shale films, and brown sideritic(?) spots. , 

Contains more black chert than overlying unit and less white clay ce- | 


Sandstone and shale: light gray fine- to very fine-grained slightly glau- 
conitic sandstone much interlaminated with black-gray micaceous 
shale. Rarely a medium-grained lens of sandstone containing much 
Shale member 
Shale: dark gray, very finely micaceous. Upper part contains glauconitic 
streaks and some pyrite. Lower part contains brown glauconitic 
clay ironstone. Base is highly glauconitic.....................0005 -1,950 15 


Total thickness of Swilt formation... 0000 74 


Thick- 
Depth 
in Feet 
| 


MARINE JURASSIC FORMATIONS OF SWEETGRASS ARCH 


Unconformity 
Rierdon formation 
Upper limy chunky shale member 
Shale: medium gray to greenish gray, limy, chunky................. 
Shale and limestone: medium gray limy shale; light to medium gray 
dense limestone. Contains a few scattered glauconite grains as much 
Dark fissile shale member 
Shale: dark medium gray, calcareous, fissile. Many gray dense limestone 
layers. Some parts very finely pyritic. Unit is gradational into over- 
Lower limy chunky shale member 
Shale and limestone: medium gray, limy, dense...................4- 
Shale: medium greenish gray, limy, minutely pyritic. Few thin medium 
greenish gray dense limestone layers...............0cseesecsseces 
Shale and limestone: medium greenish gray limy shale; medium gray 


Total thickness of Rierdon formation... 


Sawtooth formation 
Siltstone member 
Siltstone or silty limestone: light to medium gray, very finely pyritic, 
hard; contains pelecypod fragments and a few scattered glauconite 
grains. Rarely a gray chert pebble at top... ............sssees00- 
Siltstone: light gray, limy, very finely glauconitic and pyritic. Trace of 
whitish-gray minutely pyritic 
a and shale: medium gray, calcareous, very finely pyritic and 
Siltstone: medium gray, calcareous, slightly glauconitic, very finely py- 
ritic with some highly pyritic spots, thin-bedded to shaly; contains 
Shale member 
Shale: black gray, non-calcareous, fissile, finely pyritic. Some bluish gray 
Sandstone member 
Sandstone: light gray, coarsely fine-grained, porous; composed of angu- 
pe subangular colorless quartz grains. Contains light gray chert 


Total thickness of Sawtooth formation.................00c000. 


Unconformity 
Madison limestone 
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RESUME OF FACTS AND OPINIONS ON SEDIMENTATION IN GULF 
COAST REGION OF TEXAS AND LOUISIANA! 


L. W. STORM? 
Dallas, Texas 


ABSTRACT 


Beginning with a description of sedimentary processes now in operation, this paper contrasts 
the heterogeneous deposits of the Mississippi delta with the structure of top-sets, fore-sets, and bot- 
tom-sets which the term “delta structure” usually implies. It describes the landward parts of the 
Pleistocene beds along the Gulf Coast as the coalescing deltaic deposits of many streams, producing 
a deltaic coastal plain as defined by D. C. Barton. It suggests that such structure is a feature of the 
shoreward parts of many of the older beds. 

Proceeding to the offshore Recent and Pleistocene, the Ice age fall and rise of sea-level is dis- 
cussed. It is stated that, beyond a certain distance from the present shore, deposition of sediments 
was continuous and that each interglacial rise of sea-level produced a tongue of deposits extending 
landward. This concept is extended to include the deposits of Tertiary time, during which there were 
changes of sea-level unrelated to the accumulation or melting of ice caps. A diagram is presented 
showing tongues of formation corresponding with incursions of the sea, while unconformities between 
the tongues, correspond with recessions of the sea. 

It is stated that offshore belts of sand deposition correspond in position with currents which 
flow parallel with the shore. Sand-does not gradually give place to mud as deposition proceeds sea- 
ward; but, in this case, sands alternate with muds out to 40 or 50 miles from shore. 

Subsidence along with deposition is discussed as one of the most significant features of sedimenta- 
tion in this region. It is suggested that loading by the sediments themselves may be an important 
cause of this subsidence. Offered in favor of this view is some of the evidence adduced by R. J. Russell 
and his associates of the Louisiana Geological Survey, but the scope of this paper is too limited to do 
full justice to those authorities. In this connection, the Gulf Coast geosyncline is illustrated and de- 
scribed with a reference to the views of Barton, for whom this feature is often called the “Barton 
geosyncline.” 

Considerable space is used in describing the special characteristics of structure, especially of faults 
— domes, whose development went on contemporaneously with sedimentation over long periods 
of time. 

Throughout the article the point of view of a student is preserved since the paper results from an 
attempt by the writer to round out the work of a study group of which he was a member. It is sug- 
gested that this region affords exceptional data and facilities, perhaps the best in the world, for the 
study of clastic sedimentation. It is hoped that this article may direct attention to the Gulf Coast 
region for further study. 


INTRODUCTION 


This paper originated in the work of a study group of Corpus Christi geolo- 
gists. The group learned quickly, and to its surprise, that the Gulf Coast region 
of Texas and Louisiana affords exceptionally full data for the study of clastic 
sedimentation. In fact, it is probably one of the best places in the world for such 


1 Manuscript received, February 19, 1945. 


2 Sun Oil Company.The writer wishes to thank the Sun Oil Company for permission to publish 
this article, and D. M. Collingwood, F. H. Lahee, Wallace Ralston, R. E. Rettger, R. J. Russell, 
and Paul Weaver for criticism and advice. He acknowledges also his obligation to the members of the 
Corpus Christi Geologists’ Study Group who initiated the study on which the article is based. Their 
names are as follows: James L. Ballard, C. F. Barber, D. C. Barnett, R. M. Beatty, Carl F. Beilharz, 
Dale F. Benson, William H. Cardwell, J. T. Clark, W. R. Esgen, Dunbar A. Fisher, Guy F. Gierhart, 
A. M. Grant, J. M. Hancock, L. H. Haring, L. B. Herring, C. I. Jennings, Claude M. Langton, John 
H. Lock, W. A. Maley, Henry D. McCallum, O. G. McClain, L. H. Meltzer, P. A. Meyers, C. C. Mil- 
ler, D. F. Newell, J. J. O’Brien, Frith C. Owens, E. D. Pressler, W. Armstrong Price, E. B. Rich, 
Sidney Schafer, R. B. Senseman, Fred P. Shayes, R. T. Short, Ira H. Stein, L. W. Storm, Rual B. 
Swiger, Reagan Tucker, Lawrence Vittrup, H. E. Voight, Lloyd G. West, Owen B. Wood. 

Especial thanks are extended to W. Armstrong Price, with whom the writer has often discussed 
various problems of the Gulf Coast. 
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a study. This fact should be more widely understood, and its importance to the 
oil geologist more generally appreciated. 

The notes which remained at the end of the course of study were very frag- 
mentary, and, since the group as such was about to disband, there was no further 
opportunity to add to them. The notes, however, were entrusted to the present 
writer, with permission to round them out for presentation. He delivered a paper 
on the subject at the Association meeting in Houston in 1941, and has revised it 
somewhat in the unsettled times since then. It is offered now very much in its 
original form, as a study, or, perhaps more properly, as an invitation to study 
one of the most interesting sedimentary provinces to be found anywhere. 


Basic INFORMATION 


The sediments of this region are exposed in a broad belt along the coast in 
Texas and Louisiana; also they extend south along the coast of Mexico and 
eastward into Florida® (Fig. 1). The belt extends inland 200 or 300 miles and 
75 or 100 miles out into the Gulf. Topographically the surface is a sloping plain, 
somewhat rolling on its inner edge where it abuts against the higher plain on the 
north. It flattens gradually toward the coast where, for the last 50 miles its slope 
is only a foot or two per mile. Outward from the shore the sea-bottom slopes 5 or 
6 feet per mile for about 60 miles to approximately the 50-fathom line. Farther 
out it pitches at 50 or 60 feet per mile down to the Gulf floor at 2,000 fathoms. 

The underlying beds (Fig. 2) crop out in bands which trend nearly parallel 
with the coast. In general, they are a set of truncated wedges lying on one 
another and thickening toward the sea. The dip of each bed also increases 
toward the sea, giving it a curved profile in cross section. At the outcrop, the 
older beds dip about 150 feet per mile but each succeeding younger bed is flatter, 
the last of the series being the stratum which is now accumulating parallel with 
the sea-bottom. 

A continual subsidence of the seaward part of the accumulation appears to 
have produced the dip of the beds and their curved profiles, and to have broken 
them by tension faults which trend parallel with the coast. In central Texas, the 
faults farthest inland constitute the Balcones fault zone. At Austin, for example, 
the aggregate displacement of several faults is approximately 800 feet, down to- 
ward the southeast; and the rolling black lands of the Upper Cretaceous abut 
against the hills which merge into the plains country of the Lower Cretaceous 
on the northwest. This fault zone is also approximately at the southeast edge cf 


3 F. B. Plummer, ‘Cenozoic Systems in Texas,” in “Geology of Texas, Vol. 1, Pt. 3,” Univ. 
Texas Bur. Econ. Geol. Bull. 3232 (1932), pp. 519-818. 
as Geological bulletins of Louisiana Department of Conservation on various southern provinces of 

uisiana. 

Henry V. Howe, “Review of Tertiary Stratigraphy of Louisiana,” Gulf Coast Oil Fields, Amer. 
Assoc. Petrol. Geol. (1936); ibid., Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 6 (June, 1933). 

Alexander Deussen, “Geology of the Coastal Plain of Texas West of Brazos River, U.S. Geol. 
Survey Prof. Paper 126 (1924). 
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the Llanoria geosyncline which, in early and middle Paleozoic time, lay between 
Llanoria on the southeast and an interior mass on the northwest. This old line, 
apparently one of weakness, follows in general the inland boundary of the 
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Fic. 1.—Area under — shown in somewhat diagrammatic manner. Traced from reduced copy 
of Geological Map of the United States (United States Geological Survey). 


coastal province. With the change in topography along it, this zone continues 
northeast and southwest but becomes less pronounced in southern Texas and in 


northeast Texas and Arkansas. 
Most of the other faults traversing the coastal block are also downthrown 


1 
| \ MISSISSIPPI 
4 
é: 
| 
: 
Vv | LOUISIANA gf 
RAL 
4 
Zz A 
\ @ 6 “e 
NY, | 
> 
ty | 
+, ~ | 
| 
| 
| 


SEDIMENTATION IN GULF COAST REGION 1307 


toward the Gulf; but some, like those of the Luling-Mexia trend, are down- 
thrown in the opposite direction and have grabens northwest of them. 

Other important structural features of the province are the salt domes of 
Louisiana, southeast Texas, and Mississippi. 

The clastic sedimentation followed retreat of the Cretaceous seas from 
interior North America. The sediments differ fundamentally from those which 


CORRELATION OF TERTIARY FORMATIONS 


PENROSE MENNEOY AENNEOY OUMBLE DEVISEN LOUISIANA PRESENT 
LAGARTO 
PLIOCENE LAPARA LAOARTO 
FLENINO—}— FLEMING FLEMING FLEMING 
MIOCENE | OAKVILLE OAKVILLE 
OLIGOCENE? CATAHOULA CATAHOULA |CATAHOULA | CATAHOULA 
MANNING 
FRIO JACKSON JACKSON 
ELLBORN| FAYETTE 
t= 
YEGUA 
LUFKIN OR YEGUA COCKFIELO | YEGUA 
3 ANGELINA | NACO@DOCHES 
= ST MAURICE SALINE BAYOU 
COOK MOUNTAIN |COOK MOUNTAIN | JONESBORO MILAMS 
$s MINDEN COOK MOUNTAIN CROCKETT 
SPARTA SPARTA 
< [EOCENE | & WECHES 
- MOUNT SELMAN | MOUNT SELMAN| CANE RIVER QUEEN CITY 
= MOUNT SELMAN 4 REKLAW 
CARRIZO 
QUEEN CITY (CARRIZO 
TIMBER LIGNITE WHLCOX cor| WILCOX WILCOX 
BELT BED WILCOX 
MIDWAY |M/DWAY MIONAY MIOWAY MIOWAY 


FROM LOWER CLAIBORNE OF EAST TEXAS 
8Y EA.WENDLANOT AND MOSES KNEBEL 
AAPG BULLETIN ~ VOL. 13- P1351 


Fic. 2.—Tabulation showing various revisions of nomenclature of Gulf Coast Tertiary. “Present” 
column shows names in use when tabulation was published, in October, 1929. There has not been much 
revision since then. Pleistocene not included. 


accumulated while the Cretaceous seas were advancing upon the continent. The 
Cretaceous of Texas is prevailingly calcareous, heavy limestones being a common 
feature of the earlier formations, and even the later Cretaceous beds are ordi- 
narily calcareous enough to be classed as marls. The latest Cretaceous of Texas, 
the Navarro, is still a marl or marly shale. Above it is a disconformity which is 
generally thought to represent a decided retreat of the sea. The next bed above 
the disconformity and, assigned generally to the Eocene, is the Midway.‘ It is 
also ordinarily somewhat marly; in places some limestone is developed in its 


‘ There is some dissent from this opinion: see Gayle Scott, “Age of the Midway Group,” Bull. 
Geol. Soc. America, Vol. 45 (1934), pp. 1111-58. 
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basal part; but, upward, the Midway grades into a more sandy formation, the 
Wilcox. 

The faunal break from Navarro to Midway is usually considered to be rather 
striking, with a Cretaceous fauna below and an assemblage with generally 
Eocene affinities above, but lithologically the Midway is like a transition bed. 
The Wilcox into which it grades above, is more typical of the clastic sediments 
which constitute the Tertiary of this province. They seem to represent the 
detritus from newly uplifted regions, some of.them close at hand, others as far 
away as the Rocky Mountains and the Great Plains. In them, perhaps, it would 
be possible to read the history of recurrent uplifts, which have started the 
material for sediment moving toward the coast, and of quiescent periods when 
there was less wastage by erosion and less material arriving at the coast. 

The ultimate result has been to extend the land gulfward, but there have 
been many recessions of the shore line, many advances and retreats of the sea, 
which were due probably, in part, to rise and fall of sea-level, in part to change 
in the rate of sediment accumulation. Near-shore facies characterize the updip 
portions of nearly all the deposits. Some of this material was deposited above 
tide-level, some of it just below. Downdip, as encountered in wells, most beds 
become marine, although of a shallow-marine type. Wells reveal the presence 
of some beds which were overlapped and do not crop out. 

At the beginning of the Tertiary, the shore lay well inland from the present 
Cretaceous-Eocene contact (Fig. 1). The Mississippi River probably did not 
supply as great.a proportion of the sediment as it does to-day, while the an- 
cestral Rio Grande or Pecos and other rivers supplied more. Probably some 
important river flowed into the East Texas embayment. From this beginning 
the sediments seem to have been deposited seaward nearly as they are being 
deposited now. Therefore, a study of what is now going on may be the best 
approach to an understanding of the older sediments. 


SEDIMENTS OF RECENT AND PLEISTOCENE 


Recent and Late Pleistocene sediments along the Gulf Coast, according to 
their origin, may be subdivided as follows. 


1. Deposits near the river mouths, mainly deltaic 


2. Near-shore deposits 
3. Deposits off shore on the continental shelf 


I. DELTAIC DEPOSITS 


The Gulf Coast region includes one of the great deltas of the world, that of 
the Mississippi. Much has been written about it, perhaps the fullest accounts 
being those of the Louisiana Geological Survey,' by H. V. Howe, R. J. Russell, 
R. D. Russell, and H. N. Fisk. 


5 Richard Joel Russell and R. Dana Russell, “Mississippi River Delta Sedimentation,’ Recent 
Marine Sediments, Amer. Assoc. Petrol. Geol. (1939), p. 153. 
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The structure of this delta, as described by these writers, is different from 
what is commonly known as delta structure. Yet the Mississippi type of structure 
seems to be that of large deltas in general. 

The Mississippi delta is being deposited by distributary branching streams 
which build out natural levees onto a platform already prepared by wave and 
current action. The levees sink under their own weight into the unconsolidated 
mass beneath, carrying down with them the interfingered areas which are 
occupied by swamps, lagoons, and arms of the sea. Crevasses form in time of 
flood and the streams shift about, filling first one area and then another, and 
eventually returning to the previous ones when they have subsided far enough. 
The history of these changes in southern Louisiana can be read on the surface 
by the old river channels and by remnants of the natural levees. The repetition, 
of deposits embodying such changes has been proved to a depth of hundreds, 
even thousands of feet, by bore holes. Thick lenses or pockets of sediments may 
accumulate where a river continues depositing for a long time in one place. One 
of these pockets, 3,000 feet deep, is believed to exist in the region of New Orleans 
where deposition has been concentrated during the past 20,000 or 30,000 years, 
in Recent time.® 

The type of structure with which the term “delta structure” has generally 
been associated, was described in detail by G. K. Gilbert.” Along the shores of 
the ancient Lake Bonneville in Utah, are many deltas of small streams which 
emptied into the comparatively still waters of the lake. Each of them built out 
a gently sloping platform with a front plunging steeply to the lake bottom. 

These deltas, left “high and dry’’ when the lake dried up, are exposed for 
detailed study, and they served as the type for Gilbert’s classical description. 
The structure which he describes with top-sets, fore- -sets, and bottom-sets has 
been accepted as the true delta type. 

Such structure develops where streams encounter still water, as in lakes or 
ponds. As small deltas, and on a still smaller scale, as cross-bedding, this struc- 

ture may be observed in nearly any shallow-water or terrigenous deposit. The 
Mississippi type of delta is, however, the marine type which is quite distinct 
from that described by Gilbert. Such deltas are formed where wave action and 
shore currents are strong and where a great amount of material has to be de- 
posited in comparatively shallow water. See Figure 3 for comparison of the two 
types of delta structure. 


Richard Joel Russell and Henry V. Howe, “Lower Mississippi Delta,” Louisiana Geol. Survey 
Bull. 8 (1936), P. 440. 

H. N. Fisk, “Summary of the Geology of the ry Alluvial Valley of the Mississippi River,” 
Mimeographed. War Dept., Corps of Engineers, U. S. Army, Miss. River Com. Appendix II, Review 
of Project for Improvement of Mississippi River. Published at U.S. Waterway’s Experiment Station, 
Vicksburg, Mississippi (1943). 49 pp., 15 pls., 2 figs. 

6 John W. Frink, “Subsurface Pleistocene of Louisiana,” in ‘The Sand and Gravel Deposits of 
Louisiana,” Louisiana Geol. Survey Bull. 19 (1941). 


, 7 Grove Karl Gilbert, “Lake Bonneville,” U. S. Geol. Survey Mon. 1 (1890). XX and 438 pp., 51 
pls., 1 map. 
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TYPES OF DELTA STRUCTURE 


fvee 


TERIAL 


: 
COLO IDA 806 on — 


(A) MISSISSIPPI TYPE DELTA STRUCTURE 
(Typical of Large Deltas ) 


CROSS SECTION VIEW 


SURFACE OF WATER 


RIVER 


(8) FAMILIAR CONCEPT OF DELTA STRUCTURE 
( Produced where Stream Dumps Load into Quiet Water ) 
LONGITUDINAL SECTION 


SETS 


Fic. 3.—Diagrammatic sections showing two contrasting types of delta structure. For either 
type, the structure is commonly more complicated than diagram shows. Any delta of considerable 
size ordinarily combines features of both types. 


— — 806 OR BAY 
| 
| 
ORIGINAL 
BOTTOM OF SSO A WN 
SSS DRG 
MS | 
ME AAG 
on S SSX | 
80. MUO => 
"TOM OF LAKE = 
| 


SEDIMENTATION IN GULF COAST REGION 1311 


In spite of its distinct features, it has been suggested that on a large scale, 
the Mississippi delta still conforms with the Gilbert concept.’ In this view, the 
complexly deposited sediments of the visible delta would correspond with the 
top-sets, those dumped over the front of the continental shelf would be the fore- 
sets, and what fine sediments there may be on the Gulf floor beyond the toe of 
the shelf would be the bottom-sets. But the top-set region, in this case, is not a 
series of layers, but a complex mass of deposits with little or no semblance of 
layers; and the slope of the fore-sets is very slight. 


2. NEAR-SHORE DEPOSITS 


The Rio Grande, like the Mississippi, is forming a delta though on a smaller 
scale. For the other rivers of the Gulf Coast, the formation of deltas has ap- 
parently been interrupted until they have completed the filling of old bays and 
estuaries. 

More characteristic deposits for this near-shore region between the Rio 
Grande and the Mississippi are those of the Pleistocene, which is exposed in a 
belt 50 to 75 miles wide fronting on the shore. This coastal strip of land was 
regarded for a long time as a region where flat, off-shore deposits had been 
exposed recently by a retreat of the sea. Soil studies, however, and careful 
mapping have shown that these deposits are more like those now forming in the 
Mississippi delta. 

The surface near the coast shows a complicated pattern of old natural levees 
which are easily recognized by the sandy material in them and by their elevation 
above the adjacent terrane. The soil map of Harris County, Texas, for instance, 
which is colored to show distribution of the soil types, reveals very clearly the 
wanderings of the various distributary streams of an old delta of the Brazos 
River.!° Many oil geologists have had occasion to study similar levees of Pleisto- 
cene distributaries of the Colorado River. Deposits of this deltaic type extend 
along the coast of Texas and Louisiana. They seem to have been formed near 
the mouths of rivers, first in one place, then another, as the rivers shifted. De- 
posits of the several rivers appear to coalesce with one another at the sides. 
There are signs also of interfingering of marine deposits, as in the Mississippi 
delta; thus, the sea had a part in filling the interdelta lagoons. However, the 


8 A. C. Lawson, “Mississippi Delta—A Study in Isostasy,” Bull. Geol. Soc. America, Vol. 53, 
No. 8 (1942), p. 1235. 

“This brief account of the small delta, based on Gilbert’s classic work on the shore features of 
Lake Bonneville, serves equally well for the structure of the great deltas of the earth.” 

9 W. Armstrong Price, paper in preparation. 
, “Pleistocene Physiography of the Northwestern Gulf of Mexico Coastal Plain” (ab- 
stract), Proc. Geol. Soc. America for 1937 (1938), p. 104. 
, “Physiographic Mapping of Quaternary Formations in Rio Grande Delta” (abstract), 
Bull. Amer. Assoc. Petrol. Geol., Vol. 23, No. 12 (December, 1939), pp. 1875-76. 


10 Z). C. Barton, “Deltaic Coastal Plain of Southeastern Texas,” Bull. Geol. Soc. America, Vol. 41 
(1930), pp- 359-82. 
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remnants of delta topography cover most of the area. The late D. C. Barton 
devoted much of his life to a study of this region. He described it as an excellent 
example of a type of physiographic province for which he proposed the name, 
“Deltaic Coastal Plain.” The Quaternary deposit on whose surface the delta 
features are still preserved and recognizable is known as the “Montgomery” or 
“Prairie” in Louisiana” and the Beaumont in Texas. It is similar in all respects 
to the Recent. A pocket of Mississippi sediments of this age is said to have ac- 
cumulated west of New Orleans'* near the one mentioned under “Recent” 
deposits. The work of the Mississippi is recognizable on the surface in these late 
Pleistocene beds as far west as eastern Texas. The Beaumont is about 50 miles 
wide and its average slope seaward is about one foot per mile. In it are exposed 
clays, sands, and sandy clays. 

A parallel and more sandy belt, known in Texas as the Lissie, occurs next 
inland from the Beaumont. Its surface slopes seaward 3 or 4 feet per mile. It has 
been somewhat eroded, and the old surface delta features, if they ever existed, 
can no longer be recognized. The original gradient of the Lissie was probably 
steeper than that of the Beaumont, but it is apparently deltaic in character and 
is included in the deltaic coastal plain. Inland from the Lissie is another forma- 
tion, still more sandy but otherwise similar. Its surface slope is about 8 feet per 
mile coastward and it has been considerably eroded. East of the Brazos this is 
the formation to which the name “Willis” was given by John Doering.” He 
considered it as Pleistocene. Southwest of the Brazos, conditions change, ap- 
parently with a change to drier climate. Calcareous phases come in or new forma- 
tions are present. There is difference of opinion about the exact relationships of 
this inner belt through southern Texas, although Beaumont and Lissie can 
easily be recognized to the Rio Grande and beyond. 

Although these Pleistocene beds are easily distinguishable on the surface, 
they are hard to separate in the subsurface. The United States Geological 
Survey, in conjunction with the Texas Board of Water Engineers, has tried 
intensively and without much success to make subsurface correlations of these 
beds.!® 

Many of the sands of these deposits intercommunicate for they act as one 
reservoir. The Houston region depends on them for its water supply. Water is 


11 Donald C. Barton, op. cit. 

1! Harold Norman Fisk, “Geology of Grant and LaSalle Parishes,” Louisiana Geol. Survey Bull- 
10 (1938). 246 pp., 23 pls., 16 figs. 

18 Alexander Deussen, op. cit. 

44 John W. Frink, op. cit. 

% John Doering, “Post-Fleming Surface Formation of Coastal Southeast Texas and South Louisi- 
ana,” Gulf Coast Oil Fields, Amer. Assoc. Petrol. Geol. (1936), pp. 432-69; also Bull. Amer. Assoc. 
Petrol. Geol., Vol. 19, No. 5 (May , 1935), pp. 651-88. 

16 Nicholas A. Rose, “Ground Water and Relations of Geology to Its Occurrence in Houston Dis- 
trict, Texas,” Bull. Amer. Assoc. Petrol. Geol., Vol. 27, No. 8 (August, 1943), pp. 1081-1101. 
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pumped from a dozen different levels and a study of the cone of water depression 
proves the connection among the sands. 

The effect of heavy pumping in any part of this area upon the water level 
or the output from near-by or from distant wells commonly shows that com- 
munication up and down the dip in these sands is much more direct than it is 
along the strike.!” This probably means that the best communication is in the 
general direction in which the wandering ancient streams flowed while they were 
depositing these sediments. On the other hand the easiest communications for 
fluids may be parallel with the shore in deposits whose grain was determined by 
wave and current action. Perhaps a study of such differences in sand structure 
may help explain the anomalies of pressure change in some oil or gas fields. 


3. DEPOSITS OFF SHORE ON CONTINENTAL SHELF 


Along shore there is generally a sandy beach, seaward from which there is a 
lagoon 3 or 4 miles wide. Next, in many places, there is a barrier island of sand 
a mile or several miles wide with a fore-beach of sand extending a mile or more 
into the Gulf. Beyond this, conditions differ at different localities. The so-called 
normal sequence of sand close to shore, becoming more and more shaly seaward, 
does not everywhere prevail. 

Some careful studies, which are more or less confidential, have been carried 
on along this shore. The results are not ready for publication in full, but the 
following statements are authorized. Not far from Corpus Christi a series of 
samples was collected. Beyond a zone of rather fine material near shore, there 
is a narrow belt of sands with an average grain diameter of 0.21 millimeter 
parallel with the shore and about 12 miles distant from it. Beyond that the grain 
size decreases again until it averages about 0.03 mm. about 20 miles from shore. 
It increases to an average of 0.18 mm. (a fair sand) at 30 miles from shore. From 
there out to about 40 miles from shore the grain size remains about the same. 
Beyond 4o miles from shore the grain of the sediments becomes finer and finer. 

It may be significant that these sandy belts correspond in their positions 
almost exactly with those of currents which are shown on the United States 
Coast and Geodetic Pilot Charts. The silt is in the slack-water region between the 
currents. The current nearest the shore flows southwest and, as shown on the 
monthly charts, is always in about the same position. The outer current flows 
northeast and shifts considerably with the seasons. This shifting may account 
for the width of the sandy belt about 35 miles from shore. 

Current velocities at the surface vary from 0.5 mile to 1.5 miles per hour. 
This, with the help of the waves, is enough to move fine sand. Little is known 
of the current velocities at depth. The off-shore current is the stronger, but depth 
to bottom is greater. Whether these sandy belts are present all along the shore 
and whether their positions correspond with those of the currents may be known 
later when investigation can be continued after the war. 


17 Nicholas A, Rose, oral communication. 
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Bottom samples taken in a belt across the continental shelf from a point just 
south of Corpus Christi show a residue of fine sand in the washed samples. 
Beyond a water depth of 200 to 250 feet there is little sand in the residues, the 
coarse material being mainly fragile shells. Evidently current and wave action 
are hardly present at this depth and sand in quantity was not carried there. 

As it stands, the evidence is for belts of sand deposition alternating with belts 
of mud deposition, with some sand nearly, if not quite, out to the edge of the 
continental shelf 50 to 100 miles from shore. It has generally been supposed that 
sand is deposited only close to shore, and wide belts of sand have been explained 
by shore-line migration. Distribution of sand and mud now being deposited 
along the Gulf shore indicates that it is not necessary to call upon shore-line 
migration to explain occurrence and recurrence of sand over a belt as much as 
40 or 50 miles wide along a shore. 


SPECIAL FEATURES OF PLEISTOCENE 


While it may be said that the Pleistocene and Recent of the Gulf Coast are 
only the latest members of a series which runs back to the Eocene, still, in detail 
at least, they differ from the older beds. They constitute a little series of their 
own, and it may be well to point out some of their peculiarities before attempting 
to make inferences from them about the older beds. 

Perhaps the simplest explanation of the special features in the deposits of 
this series is to be found in their relationship to conditions prevailing during the 
Ice age. It is recognized that the accumulations and recessions of the ice were 
associated, through cause and effect, with many changes of climate, topography, 
and stream drainage, with shifts in areas of deposition, and with changes in 
material deposited even in areas at considerable distances from the ice sheets. 
Where the ice accumulated, it changed even the shape of the earth by pressing 
down regions where the ice was thick. Almost any modern text book on geology 
describes these effects.'® They are obvious enough in North-Temperate latitudes, 
less obvious in regions farther south. It is generally recognized, however, that 
climatic belts such as the Northern Rain Belt was shifted south as the ice accumu- 
lated and north again when it melted. 

Glacial changes in the drainage areas of the Ohio, the Missouri, and the 
Upper Mississippi, must greatly have affected the amount and character of the 
sediments delivered by the Mississippi at its mouth, and changes of climate 
probably affected to a less degree the load carried by other rivers emptying into 
the Gulf. Some of these changes are no doubt recorded, clearly or faintly, in the 
Gulf Coast Pleistocene deposits. 

As to other Ice-age changes, some of them of world-wide scope, there is still 
some controversy. One of them, however, has also received text-book recogni- 


18 For example: see Longwell, Knopf, and Flint, Physical Geology, pp. 162-72; also Schuchert and 
Dunbar, Historical Geology, pp. 434-39. 
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tion.’® The change referred to is the fall and rise of sea-level, which is said to have 
occurred with each withdrawal of water from the sea to form the ice caps and its 
restoration when the ice melted.”° 

Dissent from this view is now probably the exception among leading students 
of the Pleistocene.” 

Gulf Coast opinion seems generally to endorse this theory of glacial-control 
oscillation of sea-level. The Louisiana State geologists, in their studies of the 
Mississippi, have had occasion to write a number of papers in which this theory 
forms part of the basis for their conclusions.” 

As a corollary of this theory, each rise and fall of sea-level would produce an 
advance and retreat of the sea and a wedge of sediments extending landward. 
The Pleistocene series of beds would consist of these recurrent wedges. Further 
development of this theory as applied to the Gulf Coast Pleistocene is as follows. 

For the amount of rise and fall of sea-level, 250 to 300 feet is a figure which has 
been tentatively accepted by a number of writers on the subject.”® Since the 
present is a period of ice retreat it can be assumed that it is one of high sea-level, 
and if 300 feet was the amount of rise, recent deposition began when sea-level 
was about 300 feet lower than it is now. The shore then would have been out 
somewhere near the edge of the continental shelf where the depth of water is 
now, in fact, about 50 fathoms, or 300 feet. In each glacial period, the sea is 
supposed to have retreated to approximately this edge. Beyond this break in 
slope, the deposition was continuous and deposits are thick. Each deposit, how- 
ever, would thin out gradually shoreward as the ice melted and the sea advanced 
to its high-level position. Thus, the Pleistocene beds exposed on shore are only 
the thin updip edges of the formations. 

The fact that even these insignificant edges are exposed, requires an explana- 

19 Longwell, Knopf, and Flint, of. cit., p. 172. 

Schuchert and Dunbar, of. cit., p. 434. 


20 Some of the earlier references are: . 

Ernst Antevs, “The Last Glaciation,” Amer. Geogr. Soc. Research Ser., Vol. 17 (1928). 292 pp. 

R. A. Daly, “Swinging Sea Level of the Ice Age,” Bull. Geol. Soc. America, Vol. 40 (1929), pp. 
721-34. 

21 A reference to the literature of regions other than the Gulf Coast: Paul MacClintock and 
Horace G. Richards, “Correlation of Late Pleistocene Marine and Glacial Deposits of New Jersey 
and New York,” Bull. Geol. Soc. America, Vol. 47 (1936), pp. 289-338; 2 pls., 5 figs. 


2 H. N. Fisk, “Summary of the Geology of the Lower Alluvial Valley of the Mississippi River,” 
op. cit. Former sea-levels at 200 to 300 feet, Pl. 9. Glacial-control oscillations ef cetera maintained. 
Subsurface structure of Mississippi valley and delta based on 10,000 bore holes with full data on posi- 
tion of rock floor and old sea-level. 

, “Geology of Grant and LaSalle Parishes,” op. cit. Eustatic, glacial-control oscillations of 
sea-level given on pp. 67-75. 

Richard Joel Russell, “Quaternary History of Louisiana,” Bull. Geol. Soc. America, Vol. 51 (1940), 
Pp. 1199-1234; 4 figs. Eustatic glacial-control oscillations of sea-level. Quantatitive estimates of 
Daly, Dubois, Antevs, of approximately 300 feet for maximum glaciation, cited as in line with Louisi- 
ana estimates, pp. 1219-23. 


23 Longwell, Knopf, and Flint, of. cit., p. 172. 
Schuchert and Dunbar, of. cit., p. 434. 
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tion. For why did not the sea obliterate all traces of the next older edge each 
time it reached a high-level stage? The explanation offered, by exponents of the 
theory under discussion, is that uplift of the edge of the older formation had 
occurred in the meantime and therefore its edge was not covered by the advancing 
sea. The whole off-shore belt is postulated to be sinking as the sediments ac- 
cumulate, while a compensating rise is postulated in the adjacent inland region. 
As an example: the Lissie surface probably had originally a slope of only a foot 
or two per mile and ended landward against the old Willis surface which had 
already been slightly tilted. As the shore receded to the edge of the continental 
shelf and then returned, the weight of the constantly accumulating sediments 
depressed the off-shore belt while, in compensation, the near-shore land was 
slightly elevated. Thus, the seaward slope of the Lissie was increased and the 
deltaic Beaumont deposits have their landward edge against the sloping Lissie 
surface. 

This progressive rise of the land and seaward tilting of the zone of deposition, 
with recurrent advance and retreat of the sea, would account for conditions 
which are known to be present. The seaward slope or surface gradient on each 
older Pleistocene deposit is greater than that of the one next younger. For the 
Beaumont, it is 1 or 2 feet per mile; for the Lissie, 4 or 5 feet per mile; for the 
Willis, about 8 feet per mile. The change from one slope to another is not gradual 
but is marked by a distinct break and each of these breaks maintains a nearly 
constant level, that between Beaumont and Lissie being about 60 feet above the 
present sea-level and that between Lissie and Willis about 170 feet above sea- 
level.** At this latter break there is something like a well defined scarp, in places, 
where there is a rather sudden rise of about 30 feet from an elevation of 170 feet 
to that of 200 feet. This is called the Hockley scarp. These breaks have been 
considered as old shore lines. More likely, they mark the inner edges of deltaic 
plains. A full knowledge of the nature of this Pleistocene surface is valuable to 
an oil geologist, as any slight departure from the normal surface may mean 
presence of a salt dome or a fault with which an oil accumulation may be as- 
sociated. 

Conditions apparently in harmony with the general theory are found along 
the rivers of this region. Whenever the sea-level was low, the rivers had to cut 
gorges to adjust their gradients. There are signs of these gorges and adjustments. 
Each Pleistocene deposit, the Beaumont and Lissie especiallf, extends as a 
terrace up each of the main rivers. Those of the younger formations have 
flatter gradients than the older ones. There are, however, intermediate terraces 


% John Doering, op. cit. 
Statement also supported by studies of the present writer. 


% H. N. Fisk, “Geology of Grant and LaSalle Parishes,” of. cit., p. 246. 
H. V. Howe and C. K. Moresi, “Geology of Lafayette and St. Martin Parishes,” Louisiana Geol. 


Survey Bull. 3 (1933), P. 237. 
Albert W. Weeks, “Lissie, Reynosa, and Upland Terrace Deposits of Coastal Plain of Texas 


between Brazos River and Rio Grande,” Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 5 (May, 1933), 
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whose presence requires an explanation. Where the Mississippi River gorge 
comes out of the Pliocene deposits, it is about 300 feet deep. Recent deposits 
have filled this gorge and extend as a terrace up its valley. They also extend far 
out to sea as the present delta. The Rio Grande has also filled its latest Pleistocene 
gorge and is building a delta. The other rivers, Brazos, Trinity, e¢ cetera, it 
appears, have yet to fill the estuaries and bays at the mouths of their old gorges 
before they can resume their regular work of advancing the deltaic coastal plain. 
This would explain the “drowned” condition of most of the Texas shore, for 
which few or no other explanations have been offered. 

This is a very brief outline of the explanation of Gulf Coast Pleistocene 
conditions, by means of the glacial-control, sea-level oscillation theory. The 
reader may find it all in the publications cited. Deficiencies will no doubt be 
found in it. Many of its details and perhaps some of its main features will have 
to be revised, but it is believed that much of it will stand. It gains more and more 
adherents, the most prominent of whom are the Louisiana geologists, who, of 
all geologists, have studied the Mississippi and its Pleistocene sediments most 
intensively. 

At this point the subject of submarine canyons and the tremendous fall and 
rise of sea-level, which seems necessary to account for some of them, naturally 
arises. Such canyons are found in many parts of the world, apparently extending 
the valleys of rivers across the continental shelf.” It seems that some sign of such 
valleys might be found off the Gulf Coast. Irregularities off shore in the Gulf 
have indeed been found and have been interpreted as remnants of these old 
canyons,”’ but the inferences are not at all clear. The presence of a canyon-like 
depression west of the Mississippi delta is well known but opinions differ greatly 
about it. 

Better charts than those we have now may eventually reveal unmistakable 
evidence of canyons. Perhaps such canyons were formed and afterwards filled. 
The lack of canyons here may be included among the many things still to be 
explained about these remarkable features. 

Not all that has been said about Recent and Pleistocene sediments will apply 
to the preceding Tertiary beds, but much of it will apply rather closely and 
permit inferences to be made about probable conditions in the older beds. In 
discussing the individual Tertiary beds or general features about them, refer- 
ences are made again to the Pleistocene. 


2° W. H. Bucher, “Submarine Valleys and Related Geologic Problems of the North Atlantic,” 
Bull. Geol. Soc. America, Vol. 51, No. 4 (April, 1940), pp. 489-511 
F. P. Shepard, “Hypothetical Submarine Valleys,” zbid., Vol. 52, No. 12 (December, 1941), 


P. 1934. 
A. C. Veatch and Paul A. Smith, “The Surface and Subsurface Exploration of Continental 
Borders; Mapping of the Submarine Valleys of the Atlantic,” Trans. Amer. Geophys. Union, 21st 


Annual Meeting, Pt. 3A (1940), p. 786. 

27 Edward Hull (and J. W. W. Spencer), Monograph on the Sub-oceanic Physiography of the North 
Atlantic Ocean; chapter by Spencer on ‘Physical Features off the Coast of North America and the 
West Indian Islands.” 41 pp., maps. London. 
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SEDIMENTS OLDER THAN PLEISTOCENE 
I. ROLE OF SUBSIDENCE IN ACCUMULATION 


Under Recent and Pleistocene, there were described: (a) the sinking of 
natural levees and other delta features into the unconsolidated material beneath: 
(b) more extensive sinking of heavily sedimented delta areas into deep pockets, 
as near New Orleans; and (c) the postulated sinking of accumulated deposits 
along a shore and a compensating rise of the adjacent shore belt. 

Sinking of the (a) type is a matter of detail and, though present in the updip 
or deltaic parts of the older beds, seems to have no great significance. 

Thick lenses of formation which are shown on isopach maps of some of the 
Gulf Coast formations are suggestive of pockets of the (b) type. It is difficult to 
see how such lenses could accumulate without subsidence to make room for 
them. 

Subsidence of the (c) type may be considered as the beginning or faint near- 
surface expression of such subsidence as is discussed later under the heading of 
‘‘Regional Structure and Development of Geosyncline.” 

Subsidence on a far greater scale has affected the deeper beds and the ac- 
cumulation as a whole. Beds containing shallow-water fossils are found in the 
deepest Gulf Coast wells at 14,000 feet below sea-level. This is discussed more 
fully under ‘Structure’ and ‘“‘Development of Geosyncline.” 


2. SIGNIFICANCE OF FREQUENT CHANGES OF SEA-LEVEL 


The Tertiary is not characterized by a glacial-controlled fall and rise of sea- 
level. But there is evidence, in its stratigraphy, of many incursions and retreats 
of the sea. As in the Pleistocene, there was, beyond the farthest retreat of the 
sea, a position where the deposition of sediments was continuous. This may have 
been near the present shoreline toward the end of the Tertiary, but farther inland 
for-the older beds. From this position, advances of the sea brought wedges of 
sediments inland. 

Figure 4 is a combined time scale and sedimentation diagram. It shows the 
continuous sedimentation downdip, the tongues of formations extending land- 
ward, and the unconformities between them. It shows also the over-all advance 
seaward of the mass of sediments. Its purpose is chiefly diagrammatic and 
scarcely any student of Gulf Coast stratigraphy will agree with it in all details. 

Figure 5 is a familiar diagram of the same sort by F. B. Plummer,?* modified 
from an older one by H. B. Stenzel. 

Many readers will recall such diagrams also in connection with a paper by 
Phillip F. Martyn, describing the Gulf Coast sediments in relation to advances 
and retreats of the sea. He read the paper first at a meeting of the Houston 
Geological Society and was asked to repeat it in San Antonio, Corpus Christi, 


% F, B. Plummer, Geology of Texas, op. cit., p. 528. 
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and at group meetings of geologists elsewhere. This was in 1939 and 1940. 
Unfortunately it has not appeared in print. 

As with the Pleistocene and Recent, the updip parts of the Tertiary wedges, 
as now exposed, are largely terrigenous, or they belong to the belt where deposi- 
tion is partly above and partly below tide-level.?® Much cross-bedding and delta 
structure of the Gilbert type are in evidence; also, much that is nearly related 
to delta structure of the Mississippi type or of a deltaic coastal plain: Wilcox, 
Yegua, Catahoula, as examples. Sediments of this character are commonly 
encountered in wells far downdip from the outcrop, thus showing progressive 
subsidence of such subaerial, or partly subaerial, deposits or their original 
distribution over a wide belt. This material everywhere grades into shallow- 
marine sediment. With some of the beds, erosion has exposed marine sediments 
at the outcrop, but, in the case of most of the formations, at some place on the 
outcrop some of the subaerial deposits remain. 


3. SPECIAL CHARACTERISTICS OF FORMATIONS 


The Midway extends far inland as a rather thin wedge. It seems to represent 
a period of slow marine deposition. 

The Wilcox, on the other hand, seems generally to have built out quickly, 
following or driving back the Midway sea.*° On the outcrop it is mainly ter- 
rigenous. There it shows quick changes of facies from chocolate shale full of leaf 
impressions to thick beds of sand, which generally contain silicified wood, some 
of the pieces representing entire tree trunks. The silica probably came from 
volcanic ash in the sands. Commonly there are large calcareous concretions in 
the sand, and some near-shore fossil shells. Much of it is cross-bedded and con- 
tains small deltas of the Gilbert type. There are also many sudden changes 
horizontally from prevailingly sandy to prevailingly shaly sedimentation, and 
many other evidences of the work of wandering streams. Downdip, as shown in 
deep wells, it becomes marine and contains fossils closely related to those of the 
Midway. Some of the marine sands contain oil. The deepest wells show that sand 
was giving place to shale as the sedimentation progressed seaward. 

Some geologists attribute the Carrizo to an advancing sea; others postulate a 
retreating sea. An unconformity of some sort is generally recognized between 
Wilcox and Carrizo. 

The Reklaw, Queen City, Weches, Sparta, and Crockett lying above the 
Carrizo represent a period when the sea remained well inland, with minor 
advances and retreats. 

Then the Yegua, overlying the Crockett, was built out in the same rapid way 
as the Wilcox. In many ways, it is very similar to the Wilcox with leaf impres- 
sions, fossil wood, cross-bedding, and small deltas. Downdip it becomes marine 


29 H. B. Stenzel. 
30 F, B. Plummer, Geology of Texas, p. 571. 
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and there it begins to contain oil, as at Conroe, while farther downdip the upper 
sands begin to play out, but deeper sands come in and produce oil around salt 
domes, for example, Humble and Hull. The whole marine sand belt is about 
35 miles wide. Cockfield, a name by which many geologists have known the 
Yegua, is still commonly applied to the upper part of it. Some geologists separate 
it from the lower Yegua by an unconformity, as shown in Figure 4. 

The sea was inland during Jackson time with only a small unconformity, or 
none, between it and the Cockfield, as at Conroe for instance. This unconformity 
becomes pronounced farther inland. The inner tip of the Jackson is mainly ter- 
rigenous with much cross-bedding and many signs of contemporaneous erosion 
and deposition. The Vicksburg is often considered as closely related to the 
Jackson. 

The Catahoula again may represent a withdrawal of the sea before heavy 
sedimentation. Its sands contain much volcanic ash and petrified wood. Downdip 
it becomes marine; and, in or just above it, there is a particular marine wedge 
for which the name Anahuac formation* has recently been designated. This is 
charasterized by certain microfossils (Discorbis, Marginulina, Heterostegina, et 
cetera) and is a well known geologic horizon marker. It represents a limited 
advance of the sea into the encroaching sediments. 

The Lapara in South Texas is shown on the diagram as being the sand formed 
as the sea retreated after depositing the Oakville on its advance. And the Lagarto 
is shown as representing an advance of the sea after which came the first retreat 
of the Ice age. This arrangement is presented as a possibility, not as a generally 
accepted situation. There is nothing like unanimity of opinion about this part 
of the Gulf Coast geologic section. 


4. LOCAL AND REGIONAL UNCONFORMITIES 


Besides true unconformities, with breaks in deposition and evidence of ex- 
posure to erosion, there are irregular surfaces where land or shallow-water 
deposits built out quickly over marine deposits, or where other sudden changes 
in sedimentation took place. There are also the innumerable sharp but local 
breaks, common in near-shore deposits where material, once deposited, has 
been eroded and then, shortly afterward, has been replaced by deposition of 
different material. In small outcrops, and in some large ones, it may be difficult 
to determine to which of these types an observed break may belong. 


5. LARGE-SCALE SHIFTS OF DEPOSITION 


The amount of deposition varied from region to region along the coast 
(Fig. 6). Eocene deposition was greatest in the Rio Grande embayment. This 
embayment does not coincide with the present Rio Grande Valley, but is nearer 
the present Nueces River. It seems that, in early Tertiary time, the material 


31 Alva C. Ellisor, “Anhauac Formation,” Bull. Amer. Assoc. Petrol. Geol., Vol. 28, No. 9 (Sep- 
tember, 1944), PP. 1355-75. 
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Fic. 6.—Cross sections showing variations in amount of Eocene deposition, amount in Rio Grande 


embayment being much greater than amount in western Louisiana. 


from the Rocky Mountain front which was washed into the Great Plains basin 
could be carried more directly into the Gulf than it can be at present. Rivers, 


ancestral to the Rio Grande, Pecos, and Nueces, probably carried a greater load 
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of sediments than they carry to-day. Other rivers farther east, especially the 
Mississippi, increased in importance as time went on. By Pliocene and Pleistocene 
time the western branches of the Mississippi had worked back fully into the 
plains and into the Rocky Mountain region. Thereafter, the Mississippi supplied 
most of the sediments arriving at the north Gulf shore. Some of this was spread 
along the coast by shore currents, but the bulge of the present shore line near the 
mouth of the Mississippi and the known thickness of late Miocene, Pliocene, and 
Quaternary deposits in Louisiana show that an excess of the material remained 
there. 

The interval from the inner tip of the Oligocene Helerustigina wedge (Ana- 
huac) to the top of the Carrizo illustrates this point. This interval is 16,000 feet 
in the Rio Grande embayment,” 7,500 feet in the Colorado River region of the 
central Texas coast, and only 4,500 feet in western Louisiana. Figures for the 
downdip Wilcox, if available, might be equally impressive. Since the Oligocene, 
the preponderance of sediments brought to the coast by the Mississippi over 
that supplied by the other streams is very marked. 


O1t SANDS AND THEIR RELATIONSHIP TO ZONES OF SEDIMENTATION 


Of particular interest is the distribution of sands. Oil in the Gulf Coast region 
has been found principally in the shore belt or marine facies of sand deposition. 
The updip, or so-called continental beds, generally do not produce oil nor do the 
sands as they “shale out’? downdip. Production is ordinarily limited, in each 
formation, to a fairly well defined belt or trend of sand. These belts range from 
ro to 30 miles in width. Some factor in the genesis of oil probably has to do with its 
occurrence in these particular beds, but, in addition, this shoreward, marine 
strip is precisely the one where sands are most plentiful, where deposition was 
heaviest, and where the structural adjustments attending deposition were most 
likely to produce faults or other changes in structure. Thus, all the features 
favorable to oil accumulation, including the changes which produce strati- 
graphic traps, are likely to be concentrated in this belt. One case in point, among 
many which might be mentioned, is the Saxet-Tom O’Connor trend in southwest 
Texas, with its great thickness of Frio sands and its development of large faults 
and other structural features. 

STRUCTURE 


Structure in the Gulf Coast region may quite properly te discussed as a 
feature of the sedimentation. This is so because of subsidence and the changes 
which occurred in the shape of the beds during their deposition. 

There is no question about the subsidence, but there has been. considerable 
argument about the reason for it. Do the sediments make a place for themselves 
by subsiding under their own weight or do they simply wash into a depression 
which is being constantly deepened for them by extraneous forces? 


® Depth to the Carrizo is according to contours on Tectonic Map of the United States, Amer. 
Assoc. Petrol. Geol. (1944). 
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One question, fundamental to the whole discussion, seems to concern the 
strength of the earth’s crust. Its strength is so great, according to one view, that 
the weight of sediments, even concentrated in one place, can not deform it. 
Another, perhaps extreme, position is that almost any addition of weight, by 
the accumulation of sediments, or of ice, to cite another substance, will in time 
produce a deformation of the supporting material. 

As relating to the Gulf Coast, the discussion has been chiefly about subsidence 
of the Mississippi delta or of parts of it; and has passed thence to subsidence 
along the coast and the development of what is known as the Gulf Coast geo- 
syncline. 

Supporters of the ‘‘subsidence-under-load”’ position, many of them specialists 
in Louisiana geology, have usually adduced evidence from local conditions in 
support of their views. On the other hand, those taking exception to the local 
views have often done so by pointing out that such views are in disagreement 
with certain generally approved conclusions, some of which, through long ac- 
ceptance and distinguished origin, have acquired almost the authority of es- 
tablished principles. 

Probably the weight of opinion has been against the belief in ‘“‘subsidence 
under load.”’ It has favored, for instance, the view that geosynclines were formed 
by diastrophic forces only and that the earth’s crust has such strength that 
sediments by their own weight, can effect little subsidence except by compaction. 
One of the basic writings on geosynclines is by Dana.* 

Also well known are the views of W. H. Bucher as outlined in the course of 
his A.A.P.G. Distinguished Lecture tour in 1942." Few persons question the 
existence of the gashes in the earth’s crust which are shown on his charts. They 
traverse both land and sea. Those in the sea-bottom are especially impressive. 
Some of them are filled or partly filled with sediments and some are not. Cer- 
tainly they are not produced by the accumulation of sediments. In spite of this 
the opinion is more and more freely expressed that subsidence under load has 
been a feature of the accumulation of sediments in some typical geosynclines 
such as the Appalachian geosyncline. Many of those who have made a special 
study of Gulf Coast sedimentation favor that opinion.® 

R. J. Russell, in writing of the Mississippi delta, says that general subsidence 
is proved by changes in the elevations of bench-marks and that sinking takes 


33 James Dwight Dana, “On Some Results of the Earth’s Contraction from Cooling. Including a 
Discussion of the Origin of Mountains, and the Nature of the Earth’s Interior,” Amer. Jour. Sci., 34 
Ser., Vol. 5 (1873), pp. 423-43; 474-75. Geosyncline defined. 


54 See also: W. H. Bucher, The Deformation of the Earth’s Crust. Princeton Univ. Press (1933). 
Reviewed by Ralph Stewart, Bull. Amer. Assoc, Petrol. Geol., Vol. 18, No. 8 (August, 1934), pp. 
1093-97. 

% Richard Joel Russell, “Gulf Coast Geosyncline: America’s Great Petroleum Reserve, Geo- 
morphogeny,” X VII Internatl. Geol. Cong. Moscow, 1940, pp. 255-57. 
aia Henry V. Howe, “Gulf Coast Geosyncline; America’s Great Petroleum Reserve, Stratigraphy,” 

+» PP. 255-63. 
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place most rapidly in regions of heavy sedimentation. This could be by com- 
paction. Submergence of cultural features such as bridges, houses, and villages 
of white men and of Indians has carried the evidence of subsidence back a few 
hundred or perhaps a thousand years. The Recent and late Pleistocene pockets 
of sediments mentioned in a previous paragraph, are compared by Russell with 
ladles, the bowls of which are in the delta and the handles up stream. Their 
existence and configuration has been proved by the record of the sands found in 
many deep water wells. These bowls are as much as 3,000 feet deep.*” Lawson 
has also written about subsidence of the Mississippi delta.** 


I. DETAILED FEATURES OF LOCAL STRUCTURE 


The structure and stratigraphy of the whole coastal belt, to a depth of 
13,000 feet, more or less, are better known probably than those of any other 
region of similar size. This information is a by-product from the drilling of 
thousands of wells for oil. Electrical logs of these wells have made it possible to 
work out the structure in detail. All the evidence indicates development of 
structure along with sedimentation and subsidence. 

Aside from regional warping, faults, and salt domes are the structural features 
most characteristic of the area. It is in association with them that much of the 
oil is found and the detailed knowledge of their structure is worked out by wells 
which were drilled close together to develop the oil pools. There appears to be 
the same relation of structure to sedimentation for the regional features that 
there is in the local areas around the salt domes. The domes are an expression in 
miniature of the forces operating in the region and a sketch of the structure 
around them will illustrate the structural situation as a whole. 

Salt domes in this region are found in all stages of their growth above the 
deep bed of salt in which their cores are believed to have originated. Appare tly 
all of them did not start to grow at the same time. In the earliest stage we know 
of, the strata are only slightly arched at a depth of 12,000 ot 15,000 feet—the ex- 
treme reach of the drill. In the latest stage, salt has pierced nearly to the surface 
with beds dipping away in all directions. Around domes of an intermediate stage, 
the deeper strata lie at a steep incline against the salt. Higher, the beds dip away 
less steeply. Near the surface the beds are arched over the salt and the arch 
becomes flatter nearer and nearer the surface. The beds are thinner over the top 
of the dome than they are around it. Such a condition suggests that the series of 
beds was not complete when the salt began to rise, but that the growth of the 
domes was contemporaneous with the deposition, over a long period of time. 


3 R. J. Russell and R. D. Russell, “Mississippi River Delta Sedimentation,” Recent Marine 
Sediments, Amer. Assoc. Petrol. Geol. (1939). 

87 John W. Frink, ‘Subsurface Pleistocene of Louisiana,” in ‘““The Sand and Gravel Deposits of 
Louisiana,” Louisiana Geol. Survey Bull. 19 (1941). 

38 A. C. Lawson, “Mississippi Delta—A Study of Isostasy,” Bull. Geol. Soc. America, Vol. 53, 
No. 8 (1942). 
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The salt is said to have risen through the sediments, but this rise is relative 
only, beds having come down more than the salt has come up from the original 
position. The whole situation involves subsidence on a grand scale. The salt was 
deposited, at most, only a few hundred feet below sea-level and now it is covered 
by and intrudes an estimated 20,000 to 30,000 feet of sediments, all of which, so 
far as we know, were deposited at or near sea-level.*® 


FAULTING AFTER DEPOSITION - FAULTING CONTEMPORANEOUS WITH 
USUAL DIAGRAM IN TEXT BOOKS. DEPOSITION-USUAL TYPE IN GULF 
COAST REGION. 


Top of A Bed 17 Process: of Deposition 


SLUMPING 


Fic. 7.—Diagrams contrasting structure produced by faulting subsequent to deposition of beds 
with that produced by faulting which went on continuously while beds were being deposited. In one 
case, amount of throw is same for all beds. In other, throw is much greater for older beds than it is for 
later beds. 


Generally, the domes which show any marked evidence of uplift at an inter- 
mediate depth, 8,o00 feet more or less, show it in gradually diminishing amounts 
toward the surface. Perhaps the continuous growth is shown by the faulting over 
these domes better than it is by any other feature (Fig. 7). 


3° E. DeGolyer et al., Geology of Salt Dome Oil Fields, Amer. Assoc. Petrol. Geol. (1926), p. 782. 
Salt ~~ articles in Gulf ‘Coast Oil Fields, Amer. Assoc. Petrol. Geol. (1936). 
. Wallace, Jr., “Structure of South Louisiana Deep-Seated Domes,” Bull. Amer. Assoc. 
pom Geol., Vol. 28, No. g (September, 1944), pp. 1249-1312. 
Willis G. Meyer, “Grabens in Gulf Coast Anticlines and Their Relation to Other Fault Troughs,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 28, No. 4 (April, 1944), pp. 541-53. 
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Progressive faulting is indicated by the greater throw of A’, B’, and C’ as 
compared with A, B, and C, and the greater thickness of B’ and C’ as compared 
with B and C. Bed A is forming at the surface and sinking as it does so. In addi- 
tion, movement along the fault is carrying the bottom of A’ down with reference 
to A while waves or currents or other agencies maintain the top of the bed at the 
same level on both sides of the fault. Thus, A’ increases in thickness continually 
as compared with A until it is superceded by another bed. Moreover, the whole 
thickness of the section on the downthrown side of the fault is greater than it is on 
the upthrown side, and the throw, of only a few feet in the Pleistocene, has in- 
creased with the passage of time to several hundred feet in the deeper beds. 
Electrical logs have shown that this feature is probably characteristic of all salt 
domes in the Gulf Coast region. 

A common development in faulting on salt domes during the arching stage is 
for a graben to appear on top as though stretching of the beds had caused a wedge 
of formations to slump down as the keystone of an arch might slip if the arch were 
pulling apart.*® Electric-log cross sections of the domes commonly reveal this 
feature. Parallel and intersecting faults produce a complicated pattern. Dip 
faults develop through shearing on the flanks of the dome; and, as the salt stock 
begins to pierce the arched beds, a horst situation develops over the dome. 


2. REGIONAL STRUCTURE AND DEVELOPMENT OF GEOSYNCLINE 


The pattern of regional faulting throughout the Gulf Coast area, with its 
grabens and other features, is strikingly similar to that around the salt domes and 
might be explained in the same way—by stretching and arching of the beds. This 
is accomplished in the regional features by subsidence of the accumulating de- 
posits, along with a rise inland which tilts and bends the whole series. A tendency 
of beds on the downthrown side to slump and to dip toward the fault is shown near 
these regional faults as it is also on the salt domes. This slumping of the down- 
thrown beds near the fault appears to be a feature of the faulting in this region. 
Instead of being dragged upward along the fault, as might be expected and as is 
usually shown on text-book diagrams, the downthrown beds near the fault are 
commonly bent downward along it. This slumping or down-bending is measured 
in tens or hundreds of feet. In this region oil sometimes accumulates in anticlines 
formed in this way near faults, on the downdip side. There is also, for the regional 
faults, a difference in the thicknesses of beds on the two sides. The downthrown 
side is thicker, and the same progressive increase of the throw with depth is 
noted. These features can be observed on an electrical-log cross section of any 
large fault field (oil or gas) in the Gulf Coast region. 

Inland, along the Mexia fault zone, for example, the faults baie a throw of 
several hundred feet in the surface beds. Not everywhere does the displacement 
along these faults increase with depth though in many places it does.“! Continual 


40 W. E. Wallace, Jr., op. cit. 


4. F. H. Lahee, “Oil and Gas Fields of the Mexia and Tehuacana Fault Zones,”’ Structure of Ty pi- 
cal American Oil Fields, Vol. 1, Amer. Assoc. Petrol. Geol. (1929). 
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changes in structure accompanying deposition are not so noticeable in this inner 
belt as they are nearer the coast. 

Nearer and nearer the coast, the faults in the surface beds have less and less 
throw and are more difficult to find. In the near-shore region, faults with hun- 
dreds of feet of throw at depth can be mapped all the way to the surface, but the 
throw gradually diminishes upward until on the actual surface it may be marked 
by a typographic change of only a few feet. This is not everywhere a scarp since 
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Fic. 8.—Diagram representing possible nature of Gulf Coast geosyncline. Upper left part of sec- 
tion drawn according to actual knowledge obtained in drilling of wells. Profile of sea bottom is also 
correct, according to soundings. Remainder of section represents attempt to complete picture in a 
way which seems reasonable. Depth of Cretaceous-Eocene contact in bottom of syncline is thought 
to be in harmony with geophysical data. Section is taken northwest and southeast through Corpus 
Christi, Texas. 


the change in elevation may be spread by erosion over 50 or 100 feet. However, 
it is commonly well marked enough to show recent movement. 

These gradual changes, great at depth and diminishing toward surface, indi- 
cate structural adjustment during deposition and subsidence. Some considera- 
tions which suggest that the subsidence was due to loading are as follows. 

In the part of the cross section (Fig. 8) where definite information about 
structure has been obtained from drilling, the shape of the beds suggests that the 
trough of subsidence moved seaward along with the accumulation. The profiles 


42 W. Armstrong Price, “Role of Diastrophism in Topography of Corpus Christi Area, South 
Texas,” Gulf Coast Oil Fields, Amer. Assoc. Petrol. Geol. (1936), p. 205. 
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are similar but appear to be shifted progressively seaward. This is readily explained 
by subsidence along with an accumulating load. Other explanations seem (to the 
writer) more involved. 

Gravity investigations, according to Barton, Ritz, and Hickey, indicate that 
the axis of the present geosynclinal trough is slightly inland from the present shore 
line. Figure 9 shows the depth of the syncline to be approximately 25,000 feet 
down to the Cretaceous beds. The attitude of the beds penetrated by the deeper 
wells (already deeper than the floor of the Gulf) indicates that the Cretaceous- 
Eocene contact might easily be at a depth of 25,000 feet in the syncline. Geo- 
physical data also suggest such a depth. That is twice the depth of the floor of the 
Gulf of Mexico beyond the continental shelf. The geosynclinal trough is thus a 
well marked feature indicating considerable subsidence. If it has maintained and 
is maintaining its present position (in-shore), it is being or has been over-ridden 
by the sediments and they have crossed this barrier and are building independ- 
ently of it out into the Gulf. If this is so and if the subsidence is continuing at 
this fixed position, there should be some sign of sinking inland from the shore and 
of a shift of drainage so as to deposit sediments over the axis of the syncline. 
There is no indication of such a shift now, or of any similar shift, on a large scale 
at least, in the past. 

It seems easier (for the writer) to believe that the shape of the trough is a com- 
posite of past and present; that it is moving seaward along with the sediments; 
that subsidence is now principally on the seaward flank of the trough over which 
the sediments are now accumulating; and, that as they continue to accumulate, 
the bottom of that flank will be pushed down while the landward flank rises 
slightly. In this way an adjustment will be maintained and the geosyncline will 
shift sidewise into the Gulf. 

Development of geosyncline——A history of the geosyncline is postulated as 
follows. Possibly the subsidence which led to its development started before 
Tertiary time. There seems to be evidence of subsidence during deposition in 
some of the Gulf Coast Cretaceous beds. Certainly the later Cretaceous beds be- 
long structurally to the sequence which is involved in the subsidence. But some- 
time in the early Tertiary the heavy concentration of sediments southeast of the 
Balcones zone, may have accentuated the faulting there and initiated a depres- 
sion parallel with the shore, a depression which has moved progressively toward 
the Gulf along with the sedimentation. 

Perhaps there has been a diastrophic subsidence in the northwest part of the 
Gulf of Mexico, but it seems reasonable to accept some adjustment of structure 
to the weight of sediments even if a master role is not assigned to it. Those who 
believe that subsidence took place quite independently of loading, probably do 


48D. C. Barton, C. H. Ritz and Maude Hickey, “Gulf Coast Geosyncline,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 17, No. 12 (December, 1933), pp. 1446-58 
Richard Joel Russell, ‘(Lower Mississippi Delta,” Louisiana Geol. Survey Bull. 8 (1936), p. 180. 
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Fic. 9.—Diagrams of Gulf Coast geosyncline, from article by D. C. Barton, C. H. Ritz, and 
M. Hickey, Bull. Amer. Assoc. Petrol. Geol., Vol. 17, No. 12 (December, 1933), p- 1448. Based largely 
on geophysics. A. Section from Fort Worth, Texas, through Galveston, to Sigsbee Deep. B. Section 


from Sabine uplift, through Jennings, to Sigsbee Deep. 
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not go so far as to say that source conditions and changes in drainage systems 
bringing sediments to the coast, first in one place then in another, were all adjusted 
to the position and size of the depression. To them, possibly, depth of water over 
the depression or position of shore line around it, may make up for lack of perfect 
adjustment between size of the depression and amount of sediments available. 
Yet there never seem to have been any deep unfilled holes in this geosyncline. 
It is easier to conclude that where the sediments accumulated in large amount, 
their weight brought about some adjustment of structure to help make room for 
them. This, according to Russell, is the case on all large deltas the world over. If 
the strength of the earth’s crust seems too great to permit adjustment under load, 
it may be well to consider that the cores of Gulf Coast salt domes are believed to 
pierce through thousands of feet of formation with only the difference of specific 
gravity between salt and shale to drive them. These gravities are: salt (NaCl) 
about 2.19, shales up to 2.3 or 2.4. The material pierced may be more easily 
deformed than deeper parts of the crust, but perhaps some adjustment to load 
may also take place in this upper material without affecting the deeper part of the 
crust. 

It is suggested that a thorough study in this region might yield the data to 
decide some of the questions about subsidence. 

Figure 9 represents D.C. Barton’s idea of this geosyncline“ about which he 
wrote and talked so extensively that Schuchert, in his text book on Historical 
Geology, calls it the “Barton geosyncline.” 

Figure 10 shows the Appalachian geosyncline for comparison. 

The upper left hand part of Figure 8 shows the known part of the Gulf Coast 
sediments, that is, the part which has been penetrated by wells. The bottom of 
the known mass is 1,000 feet below the floor of the Gulf. Below that the position 
of the beds is a surmise. There is no information to suggest that they do not 
extend to deeper levels. They may be expected to flatten gulfward. As they ex- 
tend seaward, each of them should pass beyond the zone of its maximum thick- 
ness and gradually thin out as the seaward limit of clastic sedimentation is ap- 
proached. Beyond the depressed zone, the beds are shown rising to the present 
Gulf floor as they thin out. This is merely the writer’s inference. 

The irregularities on the profile of the shelf between 150 and 200 miles off 
shore are based on soundings. The relief there is perhaps 2,000 or 3,000 feet. There 
are many such elevations and depressions on the front of the shelf. These may be 
remnants of the canyons, previously mentioned, or they may be old features of 
the Gulf floor which are being covered by the advance of the mass of Cenozoic 
sediments. 

The lower diagram in Figure 8 shows the cross section in its true proportions. 
It reminds us that the mass which we have been considering is, after all, very 
thin in comparison with its extent, that the beds have been deposited on a very 
slight dip, and, that even after considerable steepening by subsidence, the dip is 
still rather slight. 

“ D.C. Barton, C. H. Ritzand Maude Hickey, op. cit. 
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SUMMARY AND CONCLUSIONS 


Most of the features and problems of Gulf Coast geology pass in review when 
its sediments are studied in a broad way. This may result from the nature of the 
study itself. If such matters as derivation of material, routes of transportation, 
and consequences of the sedimentation are included in the study, it will assume 
at once a central position in the geological study of any region. But this is true, 
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Fic. 10.—Diagram of Appalachian geosyncline for comparison. Probably more study has been 
given to this than to any other geosyncline. This syncline developed between a landmass on the east 
and a mass on the west; it was sometimes land and was sometimes submerged beneath a shallow sea, 
whereas the Gulf Coast geosyncline has a near-landmass on only one side of it. 


perhaps especially, for geology of the Gulf Coast, because of the dynamic aspect 
of its sedimentation. Even the geologic structure of the province as a whole and 
of its smallest details has developed during the deposition of its sediments and as 
a result of forces then operating. Apparently the movement along faults, the 
growth of salt domes, and the gradual tilting of the whole series of beds are still 
proceeding along with subsidence and the deposition of sediments. 
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This region of active deposition offers special advantages for a study of the 
growth of a series of deposits and of their changes in position and structure during 
compaction and subsidence. The Gulf Coast region is otherwise adapted to the 
study of sedimentation by virtue of the coincidence of many favorable factors. 
One of the greatest rivers of the world is depositing its tremendous load of sedi- 
ments along this coast, and the delta being formed is, in many ways, typical of 
large deltas the world over. Many lesser rivers also bring material to the coast 
where shore currents and waves transport and distribute it. A geosyncline is in 
the process of being formed, and back from the coast are the systems of transpor- 
tation and the areas of source material of various types for study. 

The data and facilities available for study are plentiful and impressive. The 
region is easily accessible and the whole environment, from source areas to places 
of deposition, is well developed economically. The climate, surface geology, phys- 
iography, and hydrology have been studied extensively, and many publications 
are available. 

In addition, there is a special mass of information available which is undoubt- 
edly more complete for this region than for any other of equal size. Reference is 
made to the records of the thousands of wells which have been drilled for oil. These 
records include the samples (in some cases to a depth of 15,000 feet), the logs 
made from an examination of these samples, and, particularly, the electrical logs 
which are available for practically all the wells drilled during the past 10 years. 
It so happens that the numerous alternations between sand and shale in the Gulf 
Coast series of beds can be recognized better, in the subsurface, by means of the 
difference in their electrical properties, as revealed in these logs, than they can be 
in any other way. The electrical logs show the changes of formation so clearly that 
by means of them the subsurface structure can be mapped in detail. It is only 
since such logs became available that many of the structural characteristics de- 
scribed in this paper have been recognized. 

In preparing this paper, the purpose was not so much to present full informa- 
tion about any subject. It was more to show what subjects for research and study 
the Gulf Coast has to offer. 

Among these subjects is one which might appear to be the central theme of 
this paper. That is the inter-relation of sedimentation and subsidence. With this 
is associated the explanation of the kinds of geologic structure found in the Gulf 
Coast region. It is not inferred that such structure is confined to the Gulf Coast 
Probably structure showing many similarities to it may be found in any of the 
regions, large deltas for instance, or large offshore deposits, where heavy sedi- 
mentation has been in progress for a long time. A feature which will be missing 
in most cases is the deep bed of salt and the stocks arising from it. But, in each 
place, along with the special types of structure which the local and regional 
situation has produced, one may find indications that sedimentation, subsidence, 
and the development of structure have been simultaneous processes. Probably 
lacking also, will be the oil wells with their electric logs to reveal the types of 


| 
| 
| 
| 
| 
| 
| 


SEDIMENTATION IN GULF COAST REGION 1335 


structure. But it is hardly possible that any of the Gulf Coast structure types is 
unique and probably evidence of their presence elsewhere will accumulate as time 
progresses. 

However, there is no such assemblage, outside the Gulf Coast region, of in- 
formation easily available for this study of the interplay of subsidence and sedi- 
mentation and the consequent development of structure. With its possibilities 
for enlightenment about such subjects as ‘Subsidence under load and the develop- 
ment of a geosyncline,” this mass of evidence is a unique offering from the Gulf 
Coast region to the science of geology. 

The deposition of sand along a shore and its distribution by ocean currents in 
belts parallel with the shore, is another of the larger studies for which the Gulf 
Coast region offers facilities. It will no doubt be resumed after the war. 

Groups and trends of oil-bearing sands is another Gulf Coast subject which 
deserves further study. 

Altogether, the Gulf Coast may offer more to the student of geology in gen- 
eral, and of petroleum geology in particular, than has been heretofore supposed. 

The region, however, has received some very notable attention. The writings 
of the Louisiana State geologists about the Mississippi River and delta are be- 
coming classic, and many other writers about the Gulf Coast have made contribu- 
tions, of a high order, to geological literature. References to them in this article 
are inadequate but those given refer to many others, and anyone interested in the 
subject may readily find what he needs. There is, in fact, a wealth of material 
upon which the student of this region may begin. 
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PRE-PERMIAN AXES OF MAXIMUM DEPOSITION 
IN WEST TEXAS! 


JACKSON M. BARTON? 
Midland, Texas 


ABSTRACT 


All of the Paleozoic rocks of the Marathon Mountains have been referred to as having been 
deposited in the Llanoria geosyncline. The Pennsylvanian rocks of the Marathon Mountains are the 
thickest of any Pennsylvanian rocks known in West Texas but the pre-Pennsylvanian rocks, with the 
possible exception of the Cambrian sandstone, attain their maximum thicknesses north and west of 
the Llanoria geosyncline. 

The Llanoria geosyncline, if it is considered as a deep trough developed adajcent to the old Jand- 
mass of Llanoria, was not developed until the end of Mississippian time. Only Pennsylvanian rocks 
can be considered as having been deposited in the Llanoria geosyncline. 

Diagrammatic cross sections show the different positions of the axis of maximum deposition in 
West Texas from Ordovician time through the Pennsylvanian period. 


INTRODUCTION 


The pre-Pennsylvanian as well as the Pennsylvanian rocks of the Marathon 
and Ouachita mountains have long been regarded as having been deposited in 
the Llanoria geosyncline. This geosyncline has been pictured as a deep trough 
developed immediately in front of and parallel with the old Llanoria landmass. 
The sediments that were deposited in this geosyncline have been considered as 
being derived from the aforementioned landmass? (Fig. 1). 

This interpretation of depositional conditions during Pennsylvanian time is 
adequate since the Pennsylvanian rocks of the two areas are much thicker than 
they are any place else in the Mid-Continent region. 

Subsurface sections in West Texas and surface sections in Oklahoma, how- 
ever, show that the thickest sections of pre-Pennsylvanian rocks are not in that 
area assigned to the Llanoria geosyncline but considerably farther north and west. 

These thicker sections are made up of fine shales, limestones, and a few sand- 
stones, all of which contain a calcareous fauna. The equivalents of these thick sec- 
tions as found in the Marathon Mountains are much thinner and are made up of 
clastics and cherts. There are many black shales, sandstones, and flaggy lime- 
stones. 


1 Manuscript received, May 10, 1945. 


? Magnolia Petroleum Company. The writer wishes to express his appreciation to S. A. Thompson 
and the Magnolia Petroleum Company for permission to publish this paper. Much of the information 
has been obtained from well logs in the files of the company’s Midland office. These logs have been 
largely prepared and interpreted by H. A. Hemphill and the writer. Many helpful discussions were 
had with Mr. Hemphill during the preparation of the manuscript. The writer extends his appreciation 
to Leslie S. Page for drafting the diagrams. 

5 E. H. Sellards, “Pre-Paleozoic and Paleozoic System,” “Geology of Texas, Vol. 1, Stratigraphy,” 
Univ. Texas Bur. Econ. Geol. Bull. 3232 (1932), pp. 21-23. 

Philip B. King, “Geology of the Marathon Region, Texas,” U.S. Geol. Survey Prof. Paper 187 


(1937), Pp. 19, Fig. 16, Pl. 20. 
West Texas Geological Society, “Resume of South Permian Basin,” Bull. Geol. Soc. America 


Vol. 53 (1942), P. 543. 
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The writer questions the advisability of referring to the pre-Pennsylvanian 
rocks of the Marathon and Ouachita mountains as geosynclinal deposits if the 
Pennsylvanian rocks are referred to as geosynclinal deposits. They appear to be 
more adequately explained as near-shore deposits laid down on a gently sloping 
profile. These deposits grade into calcareous shales and limestones farther from 
shore. The calcareous shales and limestones are much thicker than their near- 
shore equivalents, indicating that in pre-Pennsylvanian time the greatest amount 
cf subsidence was not adjacent to Llanoria but farther north. 

An objection to referring to the pre-Pennsylvanian rocks in the Marathon 
Mountains as geosynclinal deposits was recorded by E. H. Sellards in 1935. This 
objection was based on the fact that these deposits are not excessively thick.* 

In the present paper, pre-Pennsylvanian deposits of the Marathon Mountains 
are compared with their seaward equivalents on the north and northeast in an 
effort to show that the Marathon- Ouachita facies are not geoysnclinal in the same 
sense as the Pennsylvanian rocks of this area. If we consider the thick accumula- 
tions of Pennsylvanian rocks that are exposed in the Marathon Mountains as 
being geosynclinal, the relatively thin accumulations of pre-Pennsylvanian rocks 
can not be considered as geosynclinal; or at least if these deposits are related to a 
geosyncline, it is more shallow in type and its axis of maximum deposition does 
not coincide with the Pennsylvanian axis of maximum deposition but lies farther 
north. 

The same comparisons of the rocks found in the Ouachita Mountains with 
those of the Arbuckle Mountains can be made and the same results achieved. 
W. H. Bucher has referred to the early Paleozoic geosyncline of Oklahoma as the 
Wichita-Arbuckle geosyncline to differentiate it from the Pennsylvanian Oua- 
chita geosyncline.® 

This explanation of the relationship of the pre-Pennsylvanian rocks of the 
Marathon and Ouachita mountains to the basinward equivalents requires a 
restriction of the use of the term Llanoria geosyncline. Only the Pennsylvanian 
rocks can be correctly assumed as being deposited in the Llanoria geosyncline 
since it was not formed until the end of Mississippian time. 

This dating of the Llanoria geosyncline requires that the Tesnus formation 
be entirely Pennsylvanian in age. If we accept the alternate correlation assigning 
the lower part of the Tesnus to the Mississippian, then we must assume that the 
Llanoria geosyncline was formed during late Mississippian time instead of at the 
end of Mississippian time. 

E. H. Sellards has offered one possible explanation of the fact that the pre- 
Pennsylvanian sediments of the Marathon region are thinner than their north- 
ward equivalents. He has suggested that the maximum thickness of pre-Carbonif- 


4E. H. Sellards, “Major Structural Features of Texas East of Pecos River,” Univ. Texas Bur. 
Econ. Geol. Bull. 3401 (December, 1935), pp. 36-38. 

5 ‘eons H. Bucher, The Deformation of the Earth’s Crust, pp. 364-74. Princeton University Press 
(1933). 
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erous sediments may be on the south and east of the exposures in the Marathon 
and Ouachita regions.® 

The writer does not believe that present evidence points to this explanation, 
but if future drilling should prove this to be the case, then the interpretation 
offered here would have to be discarded. 

This paper is likely to be criticized in that it deals with a large and complex 
problem in a very few pages. Some will no doubt feel that by discussing whole 
systems of rocks rather than smaller units, an incomplete picture is obtained. 
These criticisms have weight but if all the details were given, the paper would te- 
come so cumbersome that the whole point would be missed. At the risk of being 
too brief, the discussion has been limited in an effort to emphasize the one point 
that the pre-Pennsylvanian rocks of the Marathon Mountains can not be referred 
to as geosynclinal in the same sense as the Pennsylvanian rocks. 

The diagrams follow the pattern of the text in that they may be overly sim- 
plified. For example, after Cambrian time any of the post-pre-Cambrian rocks 
could have been involved in folding along their edges bordering the Llanoria 
landmass. To substantiate this we find boulders of Cambrian and early Ordovi- 
cian rocks in the Woods Hollow formation of middle Ordovician age. However, 
evidence of pre-Woods Hollow folding is not found in the outcrops of the region.” 
The writer does not attempt to reconstruct in this paper these complicated details 
of geological history. 


COMPARISON OF PRE-PENNSYLVANIAN Rocks OF MARATHON MOUNTAINS 
AND THEIR THICKER EQUIVALENTS ON THE NORTH 


CAMBRIAN 


The Cambrian of the Marathon Mountains is represented by the Dagger Flat 
sandstone, which is a fine- to coarse-grained sandstone with shale partings. Its 
maximum thickness is not known with certainty but it is at least. 200 feet thick in 
places. Its base has not been established. 

North from the Marathon Mountains in the area of northern Pecos County, 
the Cambrian sandstone has been found in subsurface work. It is commonly 
arkosic and varying in thickness. In every place that it has been found it is of less 
thickness than in the Marathon Mountains. This suggests that during Cambrian 
time the axis of maximum deposition in West Texas struck through the area of 
the Marathon Mountains. 

In the Llano uplift and in the Arbuckle Mountains, the Cambrian is much 
thicker than in the Marathon and Ouachita mountains. This is strong evidence 
that maximum deposition in Cambrian time was in the area assigned to the fore- 
land rather than that assigned to the Ouachita-Marathon geosyncline. 

6 FE. H. Sellards, “Major Structural Features of Texas East of Pecos River,” Univ. Texas Bur. 
Econ. Geol. Bull. 3401 (1935), p. 37- 

7 Philip B. King, op. cit., pp. 46-47. 
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The writer feels that further knowledge of the subsurface position of the Cam- 
brian is necessary in order to know with certainty where the maximum axis of 
deposition was. 

ORDOVICIAN 


The Ordovician rocks are well represented in both the Marathon Mountains 
and in the subsurface on the north and northeast. In the Marathon Mountains the 
Ordovician rocks are between 1,300 and 2,000 feet thick and consist of black 
shales, black flaggy limestone, sandstone, and large developments of chert. The 
black shales contain a graptolite fauna. 

In the subsurface on the north and northeast in northern Pecos and Crane 
counties, the Ordovician consists of 3,000+feet of light-colored dolomites, light- 
colored limestones, green very fine-textured shales, and a few beds of sandstone 
containing well rounded frosted quartz grains. These rocks have a calcareous 
fauna. 

Farther north in Andrews County, subsurface work has shown a thinning of 
the Ordovician rocks to 1,000o+feet and the appearance of black shales in the 
Simpson group. This has recently been displayed in the Shell Oil Company’s Cox 
No. 1,in the northwestern corner of Andrews County. 

To the writer the most logical explanation of the relationship of the foregoing 
facies is to picture a northward-dipping normal shore profile away from Llanoria 
on which the Ordovician rocks were deposited. The thinner clastics, black shale, 
black limestone, and chert deposits were laid down near shore, while away from 
the shore the finely textured shales, light-colored dolomites, and limestones were 
deposited (Fig. 2). The non-clastic green shales and light-colored limestones and 
dolomites which are farther from the shore line are thicker than the near-shore 
clastic and chert deposits. Farther north, these thick clacareous deposits become 
thin and again assume near-shore characteristics. 

We can assume that the greatest amount of subsidence during Ordovician 
time took place along an axis that extends through northern Pecos and Crane 
Counties instead of immediately in front of Llanoria (Fig. 3). 


SILURIAN 


Silurian rocks are not present in the Marathon Mountains® but on the north 
they are found ranging from 300 to 500 feet in thickness, consisting of light gray 
limestones and dolomites. In Pecos and southern Crane counties, green shale is 
developed at the top of the Silurian. 

In Andrews County, Texas 1,500+ feet of Silurian-Devonian rocks have been 
found. The writer shows the upper 1,100+feet of this thickness as Devonian in 
age and the lower 400+ feet as Silurian. This division is largely based on lithology 
since as yet very little paleontological evidence is available and its accuracy has 
not been definitely established, but this explanation does appear to be the simplest. 


8 E. H. Sellards, “Geology of Texas,” Vol. 1, Univ. Texas Bur. Econ. Geol. Bull. 3232 (1932), p. 86. 
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Axis of maximum deposition 
during Ordovician time. 
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The possibility exists that this great thickness of rocks is mostly, if not entirely, 
Silurian in age. If the latter correlation is found to be correct, then more com- 
plicated depositional conditions were present during Silurian and Devonian time 
than are pictured in the diagrams in this paper. 

In Silurian time there was little, if any, deposition in the area referred to as 
the Llanoria geosyncline in West Texas. Instead, deposition took place on the 
north in that area commonly referred to as the foreland. 

This is evidence that during Silurian time in West Texas the greatest amount 
of subsidence was not in the area commonly referred to as the Llanoria geosyn- 
cline, but on the north in what has long been referred to as the foreland (Fig. 4). 

In the Ouachita Mountains the Silurian is 1,500 to 1,800 feet thick while in 
the Arbuckle Mountains it is only 300+ feet thick. This indicates that during the 
Silurian there was more subsidence in the area assigned to the Llanoria geosyn- 
cline than in the foreland of the region. 


DEVONIAN 


The Devonian system is represented in the Marathon Mountains by the 
Caballos novaculite. This is a series of beds of chert and novaculite with a very 
siliceous sand stringer here and there. It ranges in thickness from 200 to 600 feet. 

On the north in subsurface the Devonian is represented by 1, 100+ feet of cherty 
limestone and dolomite. The chert is the subordinate constituent of this facies. 
In some sections it is almost entirely absent. 

This greater thickness of Devonian rocks, in what has been called the foreland 
facies, shows that the greatest amount of subsidence during Devonian time was 
not in the region of the Llanoria geosyncline but rather on the north under the 
so-called foreland facies (Fig. 4 and Fig. 3). 


MISSISSIPPIAN 


The Mississippian system is not represented in the Marathon Mountains® 
but it is present in the subsurface to the north. To date there have been two dis- 
tinctive formations found in this system. The Woodford shale is the lower of 
these formations. It is dark brown shale with considerable evidence of vegetable 
matter, and it contains an abundance of Sporangites. Locally there are large de- 
velopments of dark brown chert. In Andrews County the Woodford is 500+ feet 
thick. 

Above the Woodford shale is a siliceous cherty limestone bed 500+ feet thick. 
For the present, this bed is referred to as the Mississippian limestone until a 
definite age can be given it. 

The absence of Mississippian rocks in the Marathon region indicates to the 
writer that during the early part of Mississippian time deposition was taking 
place north of the Llanoria geosyncline in the so-called foreland (Fig. 5). 


( Hie B. King, ‘“‘Geology of the Marathon Region, Texas,” U. S. Geol. Survey Prof. Paper 187 
1937), P. 
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PENNSYLVANIAN 


The Pennsylvanian system is represented in the Marathon and Ouachita 
mountains. There are 12,000+feet of Pennsylvanian rocks in the Marathon 
Mountains and 25,000+ feet in the Ouachita Mountains. These rocks are coarse 
conglomerates, sandstones, and sandy shales. There was an extension of the 
Ouachita geosyncline into southern Oklahoma into which 17,000+ feet of Penn- 
sylvanian rocks were deposited. These were also of a very clastic nature, consist- 
ing of sandstones and shales. This extension has been named the Ardmore geo- 
syncline. 

The Tesnus formation in the Marathon Mountains is here considered as the 
lowest formation of the Pennsylvanian system and entirely Pennsylvanian in age. 
It has been suggested that the lower part of the Tesnus may be Missisppian in 
age.!0 

Outside of these deep troughs of clastic accumulations, thinner sections of 
Pennsylvanian rocks were deposited. These thinner sections are made up of 
limestones and finely textured shales. These are the foreland facies. The maximum 
thickness of the foreland facies in West Texas has not yet been determined. It is 
probably 3,000+ feet. 


AGE OF LLANORIA GEOSYNCLINE 


The Llanoria geosyncline began to be formed either at the end of Mississippian 
time or during late Mississippian time, according to the age assigned the Tesnus 
formation. 

With the beginning of Tesnus deposition there is strong evidence that in a 
line parallel with and adjacent to, the front of the old Llanoria landmass a very 
deep trough began to form. Into this trough were dumped 12,000 + feet of clastic 
Pennsylvanian rocks (Fig. 6). This trough is what may correctly be called the 
Llanoria geosyncline, and the Pennsylvanian rocks that were deposited in this 
trough may be referred to correctly as geosynclinal deposits. The Pennsylvanian 
rocks of the foreland are thinner and less clastic in nature, consisting largely of 
limestones and finely textured shales. 

The writer feels that the obviously geosynclinal nature of the Pennsylvanian 
rocks in the Marathon and Ouachita mountains has caused workers to think and 
write of the pre-Pennsylvanian rocks as also geing geosynclinal deposits since 
they are clastic in nature. 


CONCLUSIONS 


1. The pre-Pennsylvanian rocks of the Marathon-Ouachita mountains are 
thinner than their equivalents north and west, with the exception of the Silurian 
of the Ouachita Mountains and possibly the Cambrian of the Marathon Moun- 
tains. 


10 FE. H. Sellards, personal communication. 
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2. The greatest amount of subsidence in pre-Pennsylvanian time in Texas 
and Oklahoma took place north and west of that area commonly referred to as 
the Llanoria geosyncline. 

3. The Llanoria geosyncline, commonly defined as being a deep trough de- 
veloped immediately in front of the Llanoria landmass, was not developed until 
the end of Mississippian time. 

4. Only the Pennsylvanian sediments of the Marathon-Ouachita mountains 
can be correctly referred to as geosynclinal deposits if this geosyncline is pictured 
as a deep trough developed immediately in front of Llanoria. 

5. The Llanoria geosyncline, if it is to be pictured as a deep trough developed 
immediately in front of Llanoria, should not be referred to as being present be- 
fore the beginning of Pennsylvanian time. 
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GEOLOGICAL NOTES 


VERTICAL SOURCE IN OIL AND GAS ACCUMULATION! 


JAMES H. GARDNER? 
Tulsa, Oklahoma 


By assuming some premise as true and then reasoning on a syllogistic basis 
to a conclusion is a stimulating exercise to say the least. The subject of the origin 
and accumulation of oil and gas being debatable means that anybody can enter 
the debate and take sides either pro or con on any theory; it is not necessary that 
he believe a premise to be a fact. The mere encouragement of new thought on 
the subject may be worthwhile and eventually be useful in opening the final door 
of truth. 

There are various kinds of local structures in the oil and gas fields of the 
world. Geologists agree that the commercial deposits have been caught in some 
sort of a trap after having formerly had free movement, or at least are held in 
position by a trap at the time they are discovered. Beyond that statement there 
is a wide difference of opinion about the source and nature of the processes of 
origin and accumulation. Some geologists have different opinions at different 
times in their study and experience while others adopt an agnostic attitude and 
may form no opinions at all. Knowledge from authority as compared with 
experience and reason is not satisfactory because no authority has furnished a 
satisfactory answer. 

The question of whether or not these hydrocarbon gases and fluids are organic 
in origin is itself debatable for the lack of proof. They may be of non-organic 
source with the proof yet to be discovered. Even though it is assumed, as is 
generally accepted, that they are organic in origin, is not this a secondary origin? 
The organic materials are from a non-organic source and thus, by going farther 
back it is seen that oil and gas have primarily originated from a non-organic or 
inorganic source. For example, the process of photosynthesis by chlorophyl in 
plant life converts carbon dioxide and water into a combination of hydrogen and 
carbon to produce organic substance. The primary source of carbon dioxide and 
water is inorganic. Photosynthesis is a bridge that crosses between the inorganic 
and the organic world. Possibly oil and gas have never crossed this bridge at all. 
They may have arisen from original non-organic elements. The function of 
catalysts is mysterious. Possibly there is an unknown factor in the process which 
may be described as the figure X. Some wells produce carbon dioxide instead 
of natural gas. In such cases the factor X may have been missing. Other wells 
produce helium gas for some reason that suggests a deep-seated source from 


1 Manuscript received, June 23, 1945. 
2 Gardner Petroleum Company. 
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beneath the sedimentary section. Oil and gas may have originated primarily 
from carbon dioxide and water by circumvention of photosythesis. 

Let us here assume for the sake of argument that any specific oil or gas field 
has accumulated these substances from a source more or less directly below the 
trap; that the source is from a greater depth and from a zone of once higher 
pressure than is now present in the trap; furthermore, that there have frequently 
been leaks to shallower sands in a series of vertical stages involving time, pres- 
sure, and position of the accumulations. 

The loss of circulation in rotary-drilling wells, the sudden loss of pump 
pressure in water-flooding, the loss of acid in acidizing under pressure, and the 
loss of pressure in water-disposal wells when filled with fluid above hydrostatic 
head, all indicate ready movement of liquids under excess of pressure. More 
pressure finds more permeability through either tight fractures (jointing) or 
porosity. When the pressure is released the effective permeability seems to shut 
off again like a check-valve. 

In vertical accumulation of oil and gas some such process as here suggested 
may have taken place. If the carrier beds were originally filled with water under 
hydrostatic pressure, or partially so filled, the excess pressure accompanying oil 
and gas from a greater depth could rise vertically into the pre-existing trap and 
push the water back to the sides of the trap in whatever carrier beds were suit- 
ably located and capped off to receive them. Recession of excess pressure would 
shut off circulation and result in establishing equilibrium on a hydrostatic basis. 
Possibly only the deep sands first received accumulation, and at some later 
period of dynamics a way was opened for cross-migration to shallower beds. 
This might occur especially on structures of local uplift along faults and domes. 
+ The Garber oil field in Oklahoma is a classical case wherein fourteen sands, or 
nearly all the sands from Arbuckle limestone up to and including shallow Permian 
beds, contain commercially productive oil. The quality of oil is of a similar high- 
grade character in all of them. Cross-migration is obvious at Garber and a deep 
source is indicated, as has frequently been pointed out. There is much post- 
Permian uplift on the Garber dome to permit of cross-fracturing. Loss of circula- 
tion in drilling was common there. In the same general area, however, there are 
other buried islands, like the Ramsey dome, where there has been very little post- 
Permian folding. The effective folding there is largely pre-Pennsylvanian in age. 
The oil accumulation is also essentially all pre-Pennsylvanian at Ramsey. Some 
traps may have once contained commercial oil or gas pools and at a later stage 
the accumulations found their way to the surface and were dissipated with only 
salt-water seepages or showings of oil and gas being present. Seemingly, some 
traps with showings should be oil pools except for the presence of such conditions. 
Most of the accumulations are thoroughly sealed off from surface escape but 
may contain deep fractures in the strata. Some of them may never have had 
accumulation at all because they did not coincide with a locus of origin. The 
theory that such traps are too young in age to have caught accumulation is 
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quite unsatisfactory because others equally young do contain accumulation. In 
barren structures there is apparently something that failed in local source of oil 
and gas. Long-distance migration horizontally through the strata would have 
hit them with a bang. The same is true for numerous good stratigraphic traps 
that fail to produce. It seems that any form of trap must coincide with some 
fcrm of local source of oil and gas to produce. In this connection it is interesting 
to observe the prevailing rule that producing stratigraphic traps are under, or 
on, the sides of local uplifts. This fact indicates that the-local folding is in some 
way related to the source of the accumulation, and it looks like a source from 
beneath the structure. Many good stratigraphic traps by pinch-out updip have 
all the mechanics for gathering oil but on normal slope fail to show oil or gas 
pools. Does deep-seated fracturing at local spots have something to do with 
accumulation? 

Deep drilling in recent years has seemingly indicated that gas is more common 
than oil in the deep strata and that with increased depths this trend will con- 
tinue. The conclusion is reasonable and there are physical factors of pressure 
and temperature to make such theory plausible. On the other hand, it may 
eventuate that oil will be found in greater quantity at still deeper levels below 
the deep gas fields to upset the rule. Should that be proved, then the old rule 
that many shallow gas fields have shallow oil fields beneath them will be extended 
to deep gas fields also having deep oil fields beneath them. Gas may accumulate 
more easily upward across the strata than oil so that its occurrence in the oil- 
producing areas even at deep levels may be proved a forerunner of oil at still 
greater depths. 

Regardless of the form of the producing trap, it may be that the source from 
which it drew is at a greater depth, more or less directly under the point where 
the field is located. In barren traps the source of origin and accumulation may 
not have been tapped from its deep levels or may not have been present at such 
points. But a producing trap apparently coincides with local source whether it 
be helium, carbon dioxide, natural gas, or petroleum. 
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DISCUSSION 


The Discussion Department provides a means for the publication of correction or pertinent 
discussion of subject matter previously printed in the Bulletin, or other matters of interest. 


CIVIL SERVICE RESOLUTION! 


J. EDMUND EATON? 
Los Angeles, California 


The May, 1945, Bulletin reports the adoption in business meeting of a Civil Service 
resolution’ protesting United States Civil Service Commission Announcement No. 343, 
which latter advises that the Commission will accept either experience or academic study 
in certain War Service Appointments as Geologist. This rather inclusive resolution cites 
the full membership, 4326, of the Association, thereby implying that I approve of it. 

The general membership of the Association, including myself, was unable to vote on 
this resolution. I wish to convey my dissent, and to express my individual belief that dem- 
onstrated knowledge and ability should be recognized regardless of how obtained, without 
prejudice toward their source. 

I am in accord with that part of the resolution which holds that qualifications tend 
to be ascertained more reliably through written than through oral tests. Had the resolution 
been restricted to this thesis it is believed that it would have been constructive. Instead, it 
goes on to compromise its position by adding the theory that a particular method of train- 
ing is necessary. 

The most unfortunate part of the resolution is its claim‘ that conventional training is 
necessary in science. The validity of this claim is refuted by the standing of such scientists 
as Edison,® Schuchert,® and countless others that could be named, and I, for one, reject it 
utterly. 

The authority of the business meeting to represent the Association in business matters 
is not questioned by me. The particular resolution, however, also involves the question of 
whether knowledge and ability shall be recognized regardless of how obtained, or only 
when obtained through conventional training. Each individual member must decide such 
a question for himself. It is therefore believed that the resolution, proposed and adopted 
with the same sincerity that actuated the Civil Service Announcement, should not have 
cited the full membership in the absence of a full vote with the proportion of yeas and nays 
stated. 


1 Manuscript received, June 4, 1945. 

2 Consulting geologist, 2062 North Sycamore Avenue. 

3 “Minutes, Thirtieth Annual Business Meeting, Mayo Hotel, Tulsa, Oklahoma, March 27, 
1945,” Bull. Amer. Assoc. Petrol. Geol., Vol. 29, No. 5 (May, 1945), Pp. 574+ 

4 Op. cit., p. 574, par. 7, line 3. 

5 Thomas Alva Edison: “His [conventional] education was limited to 3 months in the Public 
School of Port Huron, Mich.,” Encyclopaedia Britannica, Fourteenth Edition, Vol. 7, p. 961. 


6 Charles Schuchert, Prof. of Paleontology, 1904-23, Yale Univ.; Prof. Emeritus, 1923-42, Yale 
Univ.; President, Paleontological Soc., 1910; President, Geol. Soc. Amer., 1922: “Public schools,” 
American Men of Science (1927). 
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REVIEWS AND NEW PUBLICATIONS 


* Subjects indicated by asterisk are in the Association library, and are available, for loan, to 
members and associates. 


THE GEOLOGICAL RESULTS OF THE SEARCH FOR OILFIELDS 
IN GREAT BRITAIN, BY G. M. LEES AND A. H. TAITT 


REVIEW BY BURTON WALLACE COLLINS! 
Auckland, New Zealand 


“The Geological Results of the Search for Oilfields in Great Britain,” by George Martin 
Lees and Alfred Harold Taitt. Abstracts of Proceedings Geol. Soc. London, No. 1408 
(December 29, 1944), pp. 14-16 (with “Discussion,” pp. 16-19). 


Tantalizing references to “Britain’s New Oilfield” have appeared from time to time in 
the local newspapers; now the first authoritative account has reached the writer. It is 
unfortunately in very abbreviated form, but probably by the time this review is printed, or 
soon after, the full account together with illustrations will have been published in the 
Quarterly Journal of the Geological Society of London, and those interested will be able to 
consult the full paper for further information. 

Although so brief, this abstract of the paper presented by Lees and Taitt to the 
Geological Society contains a surprising amount of both factual matter and opinion, and 
the report of the ensuing discussion is also enlightening. 

“The Geological Basis of the Present Search for Oil in Great Britain by the D’Arcy 
Exploration Company, Limited” is the title of a paper by Dr. Lees and Percy Thomas Cox 
(the latter, by the way, is a New Zealander), which was published in the Q./.G.S., Vol. 93, 
Pt. 2 (June 29, 1937), pp. 156-94, and which, besides giving the geological background, de- 
scribes the results obtained up to March of the year of publication. The present paper con- 
tinues the story up to September 1944. 

The following quotations from the abstract give the salient points so far made public. 

_+., an analysis of colliery data and coal exploration borings afforded grounds for expecting an 
anticlinal axis at Eakring, Nottinghamshire, and this expectation was confirmed by seismic reflection 
and refraction surveys. A well was located at Eakring as a result and on 19 June 1939, oil was struck 
in the Rough Rock sandstone of the Millstone Grit Series. On test the well proved capable of a pro- 
duction of 12 tons per day. 

[On] the outbreak of war . . . it was decided to concentrate all drilling effort on oil production 
and on exploration in the immediate vicinity of Eakring, at the expense of various scattered projects 
which had been contemplated elsewhere in the country. . . . The total oil production up to the end of 


September 1944 is 317,612 tons. 
In summary, the drilling results to date have been: 


EXPLORATION BORINGS Total footage 
Shallow holes for structural information 43 28, 804 
Unsuccessful test wells 52 166,427 

PRODUCTION BORINGS 
Total deep wells drilled 253 558,798 
Number successful 237 — 
Shallow wells in Formby area 45 12,489 
Number successful in Formby area 19 — 

766,518 


. .. In addition to oilfield discovery, . . . [the exploration borings] have revealed extensive areas 
of coal seams to the east and south-east of Lincoln at depths of about 4000 feet. The boring at Aislaby 


1 P.O. Box 10, Auckland CI. Manuscript mailed, April 26, 1945; received, June 25, 1945. 
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in Eskdale proved a Permian evaporite series between 3656 and 4773 feet in which zones of sylvinite 
and polyhalite occur, indicating an extension of the Zechstein potash basin of North-West Germany 
into northern Yorkshire. [Newspaper reports state that the potash deposits, the first to be discovered 
in Britain, will be exploited after the war.—B.W.C.] 


Some reference is also made to the important part played by seismic surveys in the 
exploration program, and in this connection some remarks made by Dr. Lees in his reply 
to the discussion of the paper are especially interesting: 

The refraction arc method used in the seismic surveys was an adaptation of a technique evolved in 
Persia, but it had not been expected at the outset that it could be used for such accurate work. The 
plan had been to use the refraction arcs as a scouting method and to follow up with a reflection survey 
of selected anticlines on which drilling locations would be chosen. Unfortunately, conditions had 
proved unsuitable for reflection work and after several trials in different areas this method had been 
abandoned and the refraction method used for both reconnaissance and detail. It was an outstanding 
achievement that it had been possible to construct the structural contour map . . . with an accuracy 
that had stood the test of a large number of borings. 


Two short paragraphs only are devoted to remarks on new stratigraphic and struc- 
tural evidence brought to light by the borings, but in the discussion the president of the 
Geological Society (Professor W. G. Fearnsides) stated that, ““Never before had so much 
exact and new information about the underground geology of Britain been presented to the 
Society. . . .”” The full paper, when published, should, therefore, be well worth reading. 

With regard to the oil possibilities of Great Britain, the authors conclude that: 

. .. the best prospects of oil discovery are in the Millstone Grit or the Carboniferous Limestone, 
but the possibility of oil in older formations is not excluded. The Silurian of the Welsh Border country 
contains numerous oil indications as solid or semi-solid bitumen, and oil encountered in the Devonian 


in a boring at Willesden may have its origin in the Silurian or, alternatively, it may have been gener- 
ated in the Devonian itself, here in a zone of transition between ‘Old Red” and marine conditions. 


One may, in conclusion, echo the sentiments expressed by one of the contributors to 
the discussion, who “remarked on the great value to stratigraphy of the enlightened policy 
of the authors and the D’Arcy Exploration Company, which had led them to make public 
at so early a stage the results of the seismic and geological work of the Company.” 


A DEEP BORE IN THE CLEVELAND HILLS, BY A. FOWLER 


REVIEW BY BURTON WALLACE COLLINS! 
Auckland, New Zealand 


“A Deep Bore in the Cleveland Hills,” by A. Fowler. Geol. Mag., Vol. 81, No. 5 (October, 
1944), pp. 193-206; and No. 6 (December, 1944), pp. 254-65. 


In this recent paper describing stratigraphical results of boring for oil in England, the 
author describes in detail the “‘fine record” of Upper Paleozoic strata penetrated in a rotary 
bore put down by the Gulf Exploration Company (Great Britain), Limited—of particular 
interest because the site of the well is remote from known outcrops of these rocks. Cores 
were taken at selected points, and although there was no more than 200 feet of useful 
cores—as the author remarks, a mere fragment in 6283 feet of strata—yet they proved 
very valuable in unravelling problems of stratigraphy and correlation. It is surprising, 
“not that we know so little, but rather that we know so much.” 


1 P.O. Box 10, Auckland CI. Manuscript received, June 25, 1945. 
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Briefly, the section penetrated was as follows. 
Estuarine series Lower 230 feet 
Upper 190 
Lias Middle 130 
Lower 750 
Rhaetic 34 
Trias marls 686 
Bunter sandstone goo 
Permo-Triassic 272 
Permian 648 
Carboniferuos (part) 2443 
Total depth 6283 feet 


NOTES ON THE GEOLOGY OF THE SOUTHERN ROUMANIAN 
OIL DISTRICT, BY J. F. M. DE RAAF 


REVIEW BY BURTON WALLACE COLLINS! 
Auckland, New Zealand 


“Notes on the Geology of the Southern Roumanian Oil District, with Special Reference 
to the Occurrence of a Sedimentary Laccolith,” by Johan Ferdinand Maurits de Raaf. 
Abstracts of Proceedings Geol. Soc. London, No. 1407 (November 29, 1944), pp. 2, 3 
(with “Discussion,” pp. 3-6). 


Three types of “salt-plugs” in Roumania are recognized by the author of this paper. 


(1) Normal salt-plugs, “generally located in the core of individual folds,” which “cause a certain 
amount of dragging up and piercing of the strata.” The main phase of this “diapirism” i is stated to be 
of post-Pliocene age. This type is “difficult to compare with any type of igneous intrusion.” 

(2) Salt intrusions which “took place along pre-existing strike- faults (thrust-faults) and cross- 
faults,” showing “striking morphological similarities with igneous dykes.” 

(sy ‘Sedimentary intrusions, in general shape comparable with the igneous laccolith.” In one ex- 
ample of this type a ‘‘clayey salt-breccia” began to penetrate upper Miocene beds “along partings of 
strata, splitting the formation open. Subsequently, however, the original purely accordant character 
of the intrusion was locally somewhat obliterated by a breaking up of the invaded formation along 
the zone of contact with the intruding clayey breccia. This has given rise to phenomena recalling 
Daly’s magmatic stoping. . . . The process of injection of the salt-breccia is believed to be connected 
with upward movement of deeper-seated rock-salt.” 


During the discussion of this paper several speakers referred to the possible bearing of 
fuller knowledge of salt tectonics on the question of the age of the “Saline Series” of the 
Salt Range of the Punjab, India; and one (C. S. Middlemiss) stated: “It may also be that 
the, cormection between salt- plugs and domes and the presence of oil may not be without 
signiticance in future oil researches in the neighbourhood of the Saline Series.” 

Professor V. C. Illing said that, judging by the German examples of salt movement, in 
regions of folded rocks the salt tended to have a linear development in the earlier phases, 
probably because the movement followed anticlinal crests or fault fissures. It appeared 
that “the farther the salt travelled from its source of origin the more it tended to depart 
from these earlier linear arrangements and to become more focal and plug-like.”’ 

Another speaker (A. Reid) mentioned seeing, on a visit to the Roumanian oil fields, “ 
well sunk to the astonishing depth of 1475 metres in the short period of a fortnight.” 


1 P.O. Box 10, Auckland, CI. Manuscript mailed, April 26, 1945; received, June 25, 1945. 
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A RESUME OF THE PALEOZOIC STRATIGRAPHY OF COLORADO, 
BY J. HARLAN JOHNSON 


*“A Résumé of the Paleozoic Stratigraphy of Colorado,”’ by J. Harlan Johnson, associate 
professor of geology, Colorado School of Mines. Quar. Colorado Sch. Mines, Vol. 40, 
No. 3 (Golden, July, 1945). 109 pp., 10 tables, 2 pls., 17 figs. Price, $2.00. 


Dr. Johnson reports on the older sedimentary formations of Colorado that are attract- 
ing much of the attention of the oil men of the United States. It is in these formations that 
oil and gas occur at Rangely and in other fields. There are also promising possibilities that 
these formations will produce commercially important quantities of oil in other sections 
of the state, including the plains area of eastern Colorado. 

Furthermore, it is in these formations that some of the most prolific ore deposits are 
found in the mountainous sections of the state. A greater knowledge of these formations 
may assist in prospecting for additional deposits. 

Numerous photographs, diagrams, geologic sections, tables, and an extensive bibliogra- 
phy add to the publication’s value and utility. It may be obtained from the Department 
of Publications, Colorado School of Mines, Golden, Colorado, at $2.00 a copy. 


RECENT PUBLICATIONS 


ALBERTA 


*“Bituminous Sands of Alberta,”’ by K. A. Clark. Oil Weekly, Vol. 118, No. 11 (Hous- 
ton, August 13, 1945), pp. 46-51; index map and 3 photographs. 


APPALACHIAN REGION 


*“The Stones River Equivalents in Appalachian Region,” by Byron N. Cooper. 
Jour. Geol., Vol. 53, No. 4 (Chicago, July, 1945), pp. 262-75; 3 figs., 1 table. 


ARGENTINA 


*“F] factor estructural en las acumulaciones petroliferas del pais” (Structural Factor 
in Petroleum Accumulations), by Osvaldo Barcaccini. Bol. Inform. Petroleras, Vol. 22, No. 
247 (Buenos Aires, March, 1945), pp. 12-29; 15 figs. In Spanish. 


ASIA 


“Early Man and Pleistocene Stratigraphy in Southern and Eastern Asia,” by Hal- 
lam L. Movius, Jr. Peabody Museum, Harvard Univ. Papers, Vol. 19, No. 3 (1944). 113 pp., 
47 figs., 6 tables. Reviewed by Kirk Bryan in Amer. Jour. Sci., Vol. 243, No. 8 (XU Ha- 
ven, Connecticut, August, 1945), pp. 469-70. 


BOHEMIA 


*“The Late Carboniferous Vertebrate Fauna of Kounova (Bohemia) Compared with 
That of the Texas Red Beds,” by Alfred Sherwood Romer. Amer. Jour. Sci., Vol. 243, No. 
8 (New Haven, Connecticut, August, 1945), pp. 417-42. 


BRITISH GUIANA 


*Report on Exploration for Oil in British Guiana,” by H. G. Kugler, S. C. Mackenzie, 
R. M. Stainforth, J. C. Griffiths, and G. R. Brotherhood. Geol. Survey of British Guiana 
Bull. 20 (1944). 78 pp. Envelope of 10 folded sheets (maps, sketches, logs, graphs, curves, 
sections). Printed in Georgetown, Demerara. Price, $1.00. 
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CALIFORNIA 

“Paleocene and Eocene Stratigraphy of the Northwestern Santa Ana Mountains, 
Orange County, California,’ by W. P. Woodring and W. P. Popenoe. U. S. Geol. Survey 
Prelim. Chart 12, Oil and Gas Investig. Ser. (July, 1945). Sheet, 31 X41 inches, contains 
6 graphic stratigraphic sections on vertical scale of 1 inch equals 150 feet, a generalized 
geologic map of Los Angeles basin, and a map of northwestern part of Santa Ana Moun- 
tains. Obtainable from Director, U. S. Geol. Survey, Washington 25, D. C., and Room 
533, U.S. Post Office and Courthouse Building, Los Angeles, California. Price, $0.40. 


COLORADO 


“Selected Bibliography on Colorado Petroleum Geology and Stratigraphy,” by J. Har- 
lan Johnson. Mines Magazine, Vol. 35, No. 4 (Golden, April, 1945), pp. 167-73. 

*«A Résumé of the Paleozoic Stratigraphy of Colorado,” by J. Harlan Johnson. 
Colorado School of Mines Quarterly, Vol. 40, No. 3 (Golden, July, 1945). 109 pp., 10 tables, 
2 pls., 17 figs. Price, $2.00. 

ENGLAND 

*A Section in the Lower London Tertiaries in Ballards Way, Croydon, Survey,” by 
F. Gossling. Proc. Geologists’ Assoc., Vol. 56, Pt. 2 (London, June 29, 1945), pp. 135-38; 
1 fig. 

FLORIDA 

*“Salt Water Encroachment in Limestone at Silver Bluff, Miami, Florida,” by Rus- 
sell H. Brown and Garald G. Parker. Econ. Geol., Vol. 40, No. 4 (Urbana, Illinois, June- 
July, 1945), pp. 235-62; 14 figs. 

GENERAL 

*“Diagnostic Characteristics of Crude Oil: Fluorescence Analysis in Ultra-Violet 
Light,” by J. N. Mukherjee and M. K. Indra. Jour. Inst. Petroleum, Vol. 31, No. 258 
(London, June, 1945), pp. 173-78. 

*“The Primary and Secondary Elements of a Fold,” by John Challinor. Proc. Geologists’ 
Assoc., Vol. 56, Pt. 2 (London, June 29, 1945), pp. 82-88; 3 figs. 

*“Geology in Embryo (Up to 1600 A.D.),” by C. E. N. Bromehead. Jbid., pp. 89-134. 

*“Significance of Declining Productivity Index, ” by C. V. Millikan and Herbert F. 
Beardmore. Petrol. Tech., Vol. 8, No. 4 (New York, July, 1945). 10 pp., 9 figs. A.J.M.E. 
Tech. Pub. 1872. 

*“Fractional Analysis of Well Effluents to Trace Migration of High-Pressure Reservoir 
Gas,” by E. P. Valby. Ibid., 7 pp., 3 figs. A..M.E. Tech. Pu’. 1873. 

*“Behavior and Control of Natural Water-Drive Reservoirs,’ by George R. Elliott. 
Ibid. 17 pp., 11 figs. A..M.E. Tech. Pub. 1880. 

*““\ Method for Determining Fluid Movement in Wells,”’ by Sherman L. Pease. Jbid. 
3 pp., 3 fig. A..M.E. Tech. Pub. 1911. 

~“‘Marine Petroleum Possibilities,” by Henry Emmett Gross. Petrol. Engineer, Vol. 
16, No. 11 (Dallas, July, 1945), pp. 76-82; 3 figs. 

*“Coring with Oil Aids Water Flood Forecasts,” by Marion Stekoll. Zbid., pp. 85, 88, 
92; 2 figs. 

*“Seismicity of the Earth’’ (Supplementary paper), by B. Gutenberg and C. F. Rich- 
ter. Bull. Geol. Soc. America, Vol. 56, No. 6 (New York, June, 1945), pp. 603-67; 1 pl., 12 
figs. 

*“Upper Desmoinesian Fusulinids,” by M. L. Thompson. Amer. Jour. Sci., Vol. 243, 
No. 8 (New Haven, Connecticut, August, 1945), pp. 443-44; 2 pls. 

*“Orientation Analysis of Fine-Grained Clastic Sediments: A Report of Progress,” 
by E. C. Dapples and J. F. Rominger. Jour. Geol., Vol. 53, No. 4 (Chicago, July, 1945), 
pp. 246-61; 6 figs. 
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*“Present Status of Geochemical Prospecting,” by V. G. Gabriel. Oil Weekly, Vol. 
118, No. 10 (Houston, August 6, 1945), pp. 50-53; 1 table. 

*“Climatic Maps of Geologic Interest,” by S. S. Visher. Bull. Geol. Soc. America, Vol. 
56, No. 7 (New York, July, 1945), pp. 713-36; 30 figs. 

*“TLet’s Look at Electrical Exploration,” by Wm. Bradley Lewis. Oil Weekly, Vol. 118, 
No. 11 (Houston, August 13, 1945), pp. 57-58. 

*“Better Interpretation of Neutron Curves,” by J. C. Barcklow. Oil Weekly, Vol. 118, 
No. 12 (Houston, August 20, 1945), pp. 53-55; 4 figs. 


INDIA 

“Symposium on the Age of the Saline Series in the Salt Range of the Punjab,” by 
14 authors. Proc. Natl. Acad. Sci. India 1944, Vol. 14, Pt. 6, Sec. B (May, 1945), pp. i- 
xxxii and 205-334. Symposium held at Poona, December, 1944, under joint auspices of 
National Academy and the Indian Academy of Sciences. Separate copies of this number of 
the Proceedings, containing the following articles, may be had from the General Secretary, 
National Academy of Sciences, c/o Department of Botany and Geology, University of 
Lucknow, U.P., India, at the price of Rs. 4/8 (India), Rs. 5 (foreign), postpaid. 


Microfossils and Problems of Salt Range Geology (presidential address), by B. Sahni 

Note on the Age of the Salt Marl, by F. R. C. Reed (Cambridge) 

The Age of the Saline Series of the Punjab Salt Range, by E. H. Pascoe (Harpenden) 

A Note on the Repeated Overthrusts of the Cambrian Rocks on the Eocene, by D. N. 
Wadia (Colombo) 

The Age of the Saline Series in the Salt Range of the Punjab, by B. S. Lamba (Khewra) 

Age and Origin of the Salt Deposits of North-West India, by L. M. Davies (Edinburgh) 

A Second Contribution to the Geology of the Punjab Salt Range, by C. S. Fox (Calcutta) 

The Age of the Saline Series of the Punjab Salt Range, by E. S. Pinfold (Rawalpindi) 

The Age of the Saline Series of the Salt Range, Punjab, by H. L. Chhibber (Lucknow) 

The Persian Salt Formations, by E. Lehner (Lahore) 

Note on a Section in the Dandot Gorge, by N. L. Sharma (Dhanbad) 

The Age of the Punjab Saline Series: Possible Reconciliation of the Opposing Views (Sup- 
plementary Note), by E. Lehner (Lahore) 

Remarks on the Intrusive Properties and Geological Age of the Salt Marl, by C. S. Mid- 
dlemiss (Crowborough) 

The Age of the Saline Series of the Punjab and of Kohat, by E. R. Gee (Calcutta) 

Comments on Contributions to the Symposium, by E. R. Gee (Calcutta) 

The Occurrence of Bitumen in the Punjab Salt Range and Kohat Areas and Its Bearing 
on the Age of the Saline Series, by A. Lahiri (Farnborough) 


JAPAN 

Japan, a Physical, Cultural, and Regional Geography, by Glenn Thomas Trewa: tha. 
xv +607 pp., 281 figs. Univ. Wisconsin Press, Madison (1945). Price, $5.00. Reviewed by 
Ellsworth Huntington in Amer. Jour. Sci., Vol. 243, No. 8 (New Haven, Connecticut, 
August, 1945), Pp. 470-72. 

KENTUCKY 

*“Geology and Mineral Resources of the Jackson Purchase Region, Kentucky,” by 
Joseph K. Roberts and Benjamin Gildersleeve. Contains a discussion, “‘Palegzoic Geol- 
ogy,”’ by Louise Barton Freeman. Kentucky Dept. Mines and Minerals, Geol. Div., Bull. 8, 
Ser. 8 (Lexington, 1945). Published in cooperation with the Tennessee Valley Authority. 
126 pp., 21 figs., map, and chart. 


LOUISIANA 
“The Eocene, Oligocene, and Lower Miocene Series,” Progress Report of the Geological 
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Names and Correlations Committee, 1944-1945, South Louisiana Geological Society (1945). 
4 multigraphed pages, including a table “Proposed Stratigraphic Column.” Envelope 
contains 10 correlation sections and an index map of southern Louisiana (blue-line prints). 
Chairman of the committee, W. R. Canada, Magnolia Petroleum Company, 517 Weber 
Building, Lake Charles, Louisiana. Price, $3.00. 


MONTANA 
“Mississippian and Devonian Stratigraphy of Northwestern Montana,” by Laurence 
L. Sloss and Wilson M. Laird. U. S. Geol. Survey Prelim. Chart 15, Oil and Gas Investig. 
Ser. (August, 1945). Sheet, 30 X35 inches. 13 stratigraphic sections, index map, correlation 
diagram, and brief text. For sale by Director, Geological Survey, Washington 25, D. C.; 
303 North 27th Street, Billings, Montana; Federal Building, Casper, Wyoming; 314 Bos- 
ton Building, Denver, Colorado; 234 Federal Building, Tulsa, Oklahoma. 


NEVADA 
“Geologic Reconnaissance of Arden Area, Clark County, Nevada,” by J. C. Miller. 
U. S. Geol. Survey (1945). “The character and altered condition of the underlying sedi- 
mentary rocks are unfavorable for the occurrence of oil and gas in commercial quantities.” 
Report is accompanied by a geologic map on a scale of 1 inch equals 1 mile, and a columnar 
section. Not available for distribution, but copies may be consulted in the offices of the 
Survey at Washington, D. C.; 8 Federal Building, Las Vegas, Nevada; 533 Post Office and 
Court House Building, Los Angeles, California; and 306 Federal Building, Salt Lake City, 
Utah. 
NEW MEXICO 
*“Tyevonian of New Mexico,” by Frank V. Stevenson. Jour. Geol., Vo.. 53, No. 4 (Chi- 
cago, July, 1945), pp. 217-45; 13 figs. 
NEW YORK 
*“Use of Microlithologies as Illustrated by Some New York Sedimentary Rocks,” 
by Harold L. Alling. Bull. Geol. Soc. America, Vol. 56, No. 7 (New York, July, 1945), pp. 
737-56, 6 figs. 
TEXAS 
*“Geophysical History of Cameron Meadows,” by Glen M. McGuckin. Oil Weekly, 
Vol. 118, No. 12 (Houston, August 20, 1945), pp. 46-52; 14 figs. 


TRINIDAD 


*“Analysis of Trinidad Crude Oils. Part II—Paraffinic Oils,” by F. Morton and A. R. 
Richerd- 7. a. Inst. Petroleum, Vol. 31, No. 258 (London, June, 1945), pp. 159-72; 3 ta- 
bles, 14 figs. 

*“The Foraminifera of the Cipero Marl Formation of Trinidad, British West Indies,” ° 
by Joseph A. Cushman and R. M. Stainforth. Cushman Lab. Foram. Research Spec. Pub. 14 
(Sharon, Massachusetts, April 21, 1945). 75 pp., 16 pls. of fossils. Price, $1.50, postpaid. 


WYOMING 

“Stratigraphic sections and Thickness Maps of Jurassic Rocks in Central Wyoming,” 
by J. D. Love, Henry A. Tourtelot, Chester O. Johnson, H. H. R. Sharkey, Raymond M. 
Thompson, and A. D. Zapp. U. S. Geol. Survey Prelim. Chart 14, Oil and Gas Investig. Ser. 
(August, 1945). Single sheet, 393 X64 inches. 3 series of stratigraphic sections and 5 maps, 
with brief text, index maps, and tables. For sale by Director, Geological Survey, Washing- 
ton 25, D. C.; Federal Building, Casper, Wyoming; 314 Boston Building, Denver, Colo- 
rado; and 234 Federal Building, Tulsa, Oklahoma. Price, $0.40. 
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WYOMING-MONTANA 


*“Wyoming. Part 2, Oil and Gas Prospects,” by Pierre La Fleiche. Oil Weekly, Vol. 
118, No. 8 (Houston, July 23, 1945), pp. 46-50; map and cross section. 

“Structure Contour Map of the Powder River Basin, Wyoming and Montana,” by 
William G. Pierce and Roselle M. Girard. U. S. Geol. Survey Prelim. Map 33, Oil and Gas 
Investig. Ser. (August, 1945). Sheet 44 X56 inches. Scale of map, 1 inch equals 4 miles. 
Contour interval, 200 feet. May be purchased from Director of the Geological Survey, 
Washington 25, D. C.; Room 234, Federal Building, Tulsa, Oklahoma; Room 314, Boston 
Building, Denver, Colorado; Federal Building, Casper Wyoming; 313 North 27th Street, 
Billings, Montana. 


ASSOCIATION DIVISION OF PALEONTOLOGY AND MINERALOGY 


*Journal of Paleontology (Tulsa, Oklahoma), Vol. 19, No. 4 (July, 1945) 

“Some New Genera of the Bellerophontacea,” by J. Brookes Knight 

“Late Paleozoic Ammonoids from the Chinati Mountains of West Texas,” by A. K. 
Miller 

“Permian Cephalopods from Northern Colombia,” by A. K. Miller and James Steele 
Williams 

“Calcareous Algae as Useful Microfossils,” by J. Harlan Johnson 

“Upper Devonian Conodonts from the Independence Shale (?) of Iowa,” by Walter L. 


Youngquist 
“Moult Stages of the Pennsylvanian Ostracode Ectodemites plummeri,” by Chalmer L. 


Cooper 

“The Cryptozoons of the Shakopee Dolomite,” by Clinton R. Stauffer 

“Two New Ostracoda from Subsurface, Cook Mountain (Eocene) Strata of Texas,” 
by Morton B. Stephenson 

“Kinkaid Corals from Illinois,” by William H. Easton 

“Procedure of Simplified Stereophotography of Fossils,” by Preston F. Gott 

“Bibliography and Index to New Genera, Species and Varieties of Foraminifera for the 
Year 1942,” by Hans E. Thalmann 


* Journal of Sedimentary Petrology (Tulsa, Oklahoma), Vol. 15, No. 2 (August, 1945). 

“Entrapment of Air in Beach Sand,” by K. O. Emery 

“Triassic Sediments in West Texas and Eastern New Mexico,” by Raymond Sidwell 

“Calcite Oolites or ‘Cave Pearls’ Found in the ‘Cave of the Mounds’,” by Alonzo W. 
Pond 

“The Rounding of Sand Grains,” by W. H. Twenhofel ae 
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ASSOCIATION COMMITTEES 
EXECUTIVE COMMITTEE 


Monroe G. CHENEY, chairman, Anzac Oil Corporation, Coleman, Texas 
Epwarp A. KOoEsTER, secretary, Darby & Bothwell, Wichita, Kansas 
Tra H. Cram, Pure Oil Company, Chicago, Illinois 

M. Gorpon GULLEy, Gulf Oil Corporation, Pittsburgh, Pennsylvania 
GayLe Scott, Texas Christian University, Fort Worth, Texas 


REPRESENTATIVE ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL: M. G. CHENEY (1946) 


REPRESENTATIVES ON COMMISSION ON CLASSIFICATION AND 
NOMENCLATURE OF ROCK UNITS 


M. G. CHENEY (1947) 
FINANCE COMMITTEE 
CuARLES E. YAGER (1946), chairman Frank R. CLarK (1947) 


TRUSTEES OF REVOLVING PUBLICATION FUND 
D. (1947) W. B. Witson (1948) 


C. W. Tomiinson (1946), chairman Joun G. BarTRAM (1948) 


E. PocueE (1948) 


WALLACE E. PRATT (1946), chairman 


TRUSTEES OF RESEARCH FUND 


E. O. MARKHAM (1947) T. S. HARRISON (1948) 


CLARENCE L. Moopy (1946), chairman 


BUSINESS COMMITTEE 


Rosert W. CLarK (1946), chairman, Western Gulf Oil Company, Los Angeles, California 
C. L. Moopy (1946), vice-chairman, Ohio Oil Company, Shreveport, Louisiana 


Jerry B. Newsy (1947) 


Exmo W. Apams (1946) 
A. P. ALLISON (1947) 

E. J. BALTRUSAITIS (1947) 
JosEerH L. BorDEN (1947) 
BorNHAUSER (1947) 


GEORGE S. BUCHANAN (1946) 


Monroe G. CHENEY (1947) 
Tra H. Cram (1946) 

Car H. DANE (1946) 
Dona.p M. Davis (1946) 
Eckis (1947) 
STANLEY G. ELDER (1946) 
ROBERT M. ENGLIsH (1947) 
GLENN C. FERGUSON (1947) 


BARNEY FISHER (1946) 
GEORGE R. (1947) 
M. Gorpon GULLEY (1946) 
T. S. Harrison (1946) 

G enn D. (1947) 
L. W. Henry (1947) 

Joun M. HItts (1946) 
Epwin H. Hunt (1947) 
Joun W. INKSTER (1947) 
Epwarp A. KOoESTER (1946) 
Lynn K. LEE (1947) 


Paut B. LEAVENWORTH (1947) 


D. E. LounsBEry (1946) 
ARTHUR M. MEYER (1946) 
Gast F. Movutton (1947) 


A. PASCHAL (1946) 
EpwIin L. Porc (1946) 
Joun R. SANDIDGE (1946) 
GayLeE Scott (1946) 
Rosert L. SIELAFF (1947) 
F. B. STEIN (1947) 

Tra H. STEIN (1947) 
HeEnryYK B. STENZEL (1946) 
Ear M. (1946) 
EuGENE H. VALLat (1946) 
GEORGES VoORBE (1947) 
Rosert T. WHITE (1946) 
W. O. (1947) 


COMMITTEE FOR PUBLICATION 


C. E. Dosstn (1946), chairman, 425 Denham Building, Denver, Colorado 
JoserH L. BorDEN (1948), vice-chairman, Pure Oil Company, Tulsa, Oklahoma 
J. V. Howe Lt (1946), vice-chairman, 1506 Philtower Building, Tulsa, Oklahoma 


1946 1947 1948 
Gorpon I. ATWATER J. E. BILLINGSLEY W. F. HOFFMEISTER 
JaMEs R. DorRANCE J. I. DANIELS J. M. Kirsy 
FENTON H. FINN Hots D. HEDBERG Lynn K. LEE 


P. HinpEs 
GEoRGE S. HuME 
GerorcE D. LINDBERG 
A. C. WRIGHT 


LEE C. LAMAR 
Stuart Mossom 
E. A. PASCHAL 
K. K. SPOONER 
T. E. WEIRICcH 
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Homer A. NoBLE 
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C. W. Witson, Jr. 
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RESEARCH COMMITTEE 


SHEPARD W. Lowman (1947), chairman, Shell Oil Company, Houston, Texas 
E. R. ATWILL (1947), vice-chairman, Union Oil Company of California, Los Angeles 
Wrinturop P. Haynes (1948), vice-chairman, 30 Rockefeller Plaza, New York 


1946 1947 
C. I. ALEXANDER ROLAND F. BEERS 
ALFRED H. BELL G. C. GESTER 


Stuart E. BuCKLEY 
Rosert N. 
D. Perry OLcoTtT 
JosepH A. SHARPE 


WALTER R. BERGER 
Paut E. FitzGERALD 
W. C. KRuMBEIN 
A. LIDDLE 
W. H. TWENHOFEL 
F. M. Van Tuy 


1948 
Ronatp K. DEForp 
Marcus A. HANNA 
MARSHALL Kay 
B. 
A. I. LEVORSEN 
W. W. RuBEy 
W. T. Jr. 


GEOLOGIC NAMES AND CORRELATIONS COMMITTEE 
Joun G. Bartram (1948), chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


1946 1947 
Gorpon I. ATWATER Stuart K. CLark 
Darsiz A. GREEN Roy T. Hazzarp 
W. Imtay W. J. HitsEWEcK 
Horace D. THomAs WAYNE V. JONES 


1948 
Rosert H. Dott 
E. FLoyp MILLER 
Hucu D. MIseErR 
Raymonp C. Moore 
Henry J. MorGAn, JR. 


C. W. ToMLINSON W. ARMSTRONG PRICE 


SUB-COMMITTEE ON POST-CRETACEOUS 
W. ARMSTRONG PRICE (1947), chairman, Box 1860, Corpus Christi, Texas 
Henry V. Howe B. W. BLANPIED Gorpon I. ATWATER 
WAYNE V. JONES F. Stearns MacNEIL Tuomas L. BAILEY 


Tom McGLortHiin E. A. Murcuison, Jr. Marcus A. HANNA 
S. Morey 


SUB-COMMITTEE ON MESOZOIC 
Henry J. Morcan, Jr. (1948), chairman, Atlantic Refining Company, Dallas, Texas 


C. I. ALEXANDER Ratpu W. Imiay G. D. THomas 
C. E. Dossin Puiie S. MoREY 
GAYLE Scott 


SUB-COMMITTEE ON PALEOZOIC 
Rosert H. Dorr (1948), chairman, Oklahoma Geological Survey, Norman, Oklahoma 


COMMITTEE ON APPLICATIONS OF GEOLOGY 
J. Brian Esy (1946), chairman, 1404 Esperson Building, Houston, Texas 


1946 1947 1948 
R. M. BARNES LEo R. ForTIER Rosert I. Dickey 
H.S. McQuEEN Tuomas A. HENDRICKS CHARLES R. FETTKE 
R. A. STEINMAYER KENNETH K. LANDES OLaF P. JENKINS 
WEAVER Nicuotas A. RosE 


MEDAL AWARD COMMITTEE 


FRANK R. Crark (1946), chairman, Ohio Oil Company, —— Oklahoma 
Joun R. SANDIDGE, ex officio, president of S.E.P.M. 
Henry C. CortEs, ex officio, president of S.E.G. 


1946 1947 1948 
Raymonp F.. BAKER H. B. Fuqua A. RopGER DENISON 


James A. MacDONELL THORNTON Davis J. Epmunp Eaton 
Hucu D. Miser WALLACE C, THOMPSON 
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COMMITTEE ON STATISTICS OF EXPLORATORY DRILLING 


F. H. LAHEE (1947), chairman, Sun Oil Company, Box 2880, Dallas, Texas 
Pau WEAVER (1948), vice-chairman, Gulf Oil Corporation, Box 2100, Houston, Texas 


1946 1947 1948 
Rosert L. BATES ALFRED H. BELL KENNETH COTTINGHAM 
J. E. Cares J. DEEGAN E. EsAaREY 
KENDALL E. Born W. Lioyp HASELTINE FENTON H. FINN 
STANLEY G. ELDER W. J. HitsEweck Joun W. INKSTER 
CoLemaNn D. HUNTER W. S. McCaBe GRAHAM B. Moopy 
D. J. MUNROE Joun C. MILLER : Cares H. Row 
T. F. Petry C. L. Moopy 


GLENN C. SLEIGHT 
NATIONAL SERVICE COMMITTEE 


Fritz L. AurIN, chairman, Southland Royalty Company, Fort Worth, Texas 


W. H. BrapDLey M. Gorpon GULLEY Lynn K. LEE 

A. E. BRAINERD W. Dow Hamm Morris M. LEIGHTON 
M. CUNNINGHAM WintuHrop P. HAYNES F. MARTYN 
THORNTON Davis KENNETH C. HEALD Dean A. McGEE 
Ronap K. DEForp W. B. Heroy DEAN F. MEtTTs 

A. RopGEeR DENISON Harrop W. Hoots CLARENCE L. Moopy 
Joun O. GALLOWAY Epwarp A. KoEsTER CaRLETON D. SPEED, JR. 


HEnry N. TOLER 


DISTINGUISHED LECTURE COMMITTEE 
Frep H. Moore, chairman, Magnolia Petroleum Company, Mt. Vernon, Illinois 
LEE H. CoRNELL Joun L. FERGusON W. J. HitsEwEck GROVER E. Murray, JR. 


COMMITTEE ON METHOD OF ELECTION OF OFFICERS 
Joun G. BARTRAM, chairman, Stanolind Oil and Gas Company, Tulsa, Oklahoma 


Ronatp K. DEForp Joun S. Ivy C. L. Moopy 
W. Dow Hamu Hucu D. MIsER B. NoBLE 


MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the following 
candidates for membership in the Association. This does not constitute an election but 
places the names before the membership at large. If any member has information bearing 
on the qualifications of these nominees, he should send it promptly to the Executive 
Committee, Box 979, Tulsa 1, Oklahoma. (Names of sponsors are placed beneath the name 
of each nominee.) 

FOR ACTIVE MEMBERSHIP 


George Wilson Dawson, Barcelona, Venezuela, S.A. 

Hollis D. Hedberg, George L. Lockett, Louis Sass 
Howard Houston Hinson, Amarillo, Tex. 

N. W. Bass, Raymond Sidwell, W. I. Robinson 
Charles F. Passel, Hobbs, N. Mex. 

Clyde O. Hudgens, W. R. Longmire, P. L. Dana 


FOR ASSOCIATE MEMBERSHIP 


John Henry Dante, Washington, D. C. 

L. C. Snider, Hal P. Bybee, H. B. Stenzel 
Marilyn Louise Taylor, Evanston, Ill. 

Darsie A. Green, John R. Ball, Theron Wasson 
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FOR TRANSFER TO ACTIVE MEMBERSHIP 
Arthur Sullivan Gale, Jr., Houston, Tex. 
G. J. Smith, J. M. Vetter, L. H. Morris 
Wilbur Hall Knight, Jackson, Miss. 
J. B. Storey, W. H. Spears, K. K. Spooner 
Roy Allen Miley, Bogota, Colombia, S.A. 
W. C. Hatfield, Donald McArthur, John W. Butler, Jr. 


ADDITIONAL MEMBERSHIP APPLICATIONS APPROVED 
FOR ACTIVE MEMBERSHIP 
William E. Hanson, Pittsburgh, Pa. 
K. C. Heald, Ben B. Cox, W. P. Rand 


Albert Ritz Kerr, Bakersfield, Calif. 
Thomas K. Bowles, John T. Isberg, E. H. Vallat 


George Layne Nye, Houston, Tex. 

Shapleigh G. Gray, W. F. Cloud, W. C. Ikins 
Robert Patterson Phillips, Palos Verdes, Calif. 

Roger Henquet, E. R. Stanley, Loyde H. Metzner 


Roberto Sarmiento-Soto, Bogota, Colombia, S.A. 
Theo. H. Crook, George D. Louderback, Lester C. Uren 


FOR ASSOCIATE MEMBERSHIP 
David Le Count Evans, Wichita, Kan. 
Joseph R. Clair, Norman S. Hinchey, Frank R. Clark 


Jane Floyd-Jones, Tyler, Tex. 

Edmund M. Spieker, C. I. Alexander, Edward V. O’Rourke 
Bernardo Grossling-Freudenburg, Santiago, Chile, S.A. 

John P. Buwalda, Beno Gutenberg, Willis P. Popenoe 


Dee Edward Newland, Lake Charles, La. 
A. L. Morrow, W. F. Hoover, W. R. Canada 


Athel G. Unklesbay, Tallahassee, Fla. 
V. T. Stringfield, A. K. Miller, A. C. Trowbridge 


FOR TRANSFER TO ACTIVE MEMBERSHIP 
Lawrence Albert Goebel, Tulsa, Okla. 
M. W. Fuller, E. O. Markham, L. Murray Neumann 


Guy Marvin Ratliff, San Antonio, Tex. 
Thornton Davis, William H. Spice, Jr., W. W. Hammond 


James Warner Sheller, Bakersfield, Calif. 
Rollin Eckis, H. W. Hoots, Mason L. Hill 


SUPPLEMENTARY MEMBERSHIP LIST, SEPTEMBER 6, 1945 


Total additions since publication of list in March Bulletin.... .... 219 


||Adair, J. Smith, Lion Oil Refining Co., El Dorado, Ark. 

Addington, James William, Humble Oil & Refining Co., 202 Humble Bldg., Houston, Tex. 
||Adler, Frank J., Stanolind Oil & Gas Co., Box 595, Meade, Kan. 

Anderson, Benjamin Louis, Skelly Oil Co., Box 1822, Pampa, Tex. 

Andrews, Harry Hugh, Seismograph Service Corp., 7o9 Kennedy Bldg., Tulsa, Okla. 
||Armstrong, John A., International Petroleum Co., Box 803, Quayaquil, Ecuador, S. A. 
Averitt, Paul, U. S. Geological Survey, Washington, D. C. 

Bankhead, Charles Carr, Jr., Shell Oil Co., Inc., Box 32, Kilgore, Tex. 

Banks, Joseph Edwin, The Texas Co., Mt. Dora, Fla. 

Barbisch, Joseph William, Petty Geophysical Engineering Co., Box 2061, San Antonio, Tex. 
pat, William B., Honolulu Oil Corp., 215 Market St., San Francisco, Calif. 

Berg, John Robert, Shell Oil Co., Inc., 1009 Central Bldg., Wichita, Kan. 
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Berthiaume, Sheridan A., The Texas Co., Houston, Tex. 
||Biggart, Robert William, British American Oil Producing Co., Petroleum Bldg., Wichita, Kan. 
Billings, Sam Glen, Tide Water Associated Oil Co., 619 Apco Tower, Oklahoma City, Okla. 
||Binkley, Margaret Delano, Division of Oil & Gas, Bin N, Taft, Calif. 
Bitgood, Ellen Posey, consulting, 701 Hamilton Bldg., Wichita Falls, Tex. 
Bowles, Edgar O., Standard Oil Co. of Egypt, 22 Sharia Kasr el Nil, Cairo, Egypt 
Brockway, LeValley Irving, Gulf Research & Development Co., Box 2038, Pittsburgh, Pa. 
Brown, Henry W., Carter Oil Co., Box 801, Tulsa, Okla. 
Bruner, Frank Allison, Stanolind Oil & Gas Co., 205 Weber Bldg., Lake Charles, La. 
Bruyere, Richard Newbold, Box 2332, Houston, Tex. 
||Bryan, Edith Marguerite, Magnolia Petroleum Co., Box 633, Midland, Tex. 
Burr, Ian ew Shell (Queensland) Development Pty., Ltd., Shell House, Brisbane, Queensland, 
Australia 
Burtner, Evan Hughes, Standard Oil Co. of California, 11-C Camp, Taft, Calif. 
Cameron, Louis Gerin, Midstates Oil Corp., 1011 City Bank Bldg., Shreveport, La. 
| Camminati-Cortes, Luis, Sullana, Peru, S. A. 
|Campbell, Thomas Brown, McDonald & Campbell, 211 Deposit Bank Bldg., Jackson, Miss. 
Cantrell, Cyrus Duncan, Jr., Geological Dept., Phillips Petroleum Co., Box 791, Midland, Tex. 
crate Peggy Francis Parthenia, Humble Oil Co., 504 National Bank Bldg., Mobile, Ala. 
Carman, Ann Oakley, Union Oil Co., 617 W. Seventh, Los Angeles, Calif. 
Cerini, William Ferdinand, Union Oil Co. of California, Los Angeles, Calif. 
Chambers, Ralph David, Richfield Oil Corp., Midland, Tex. 
Childers, Aimer Floyd, Gulf Oil Corp., Houston, Tex. 
Clark, Charles R., Lake Oil Co., Box 977, Ada, Okla. 
Clark, Roswell Dale, Clark & Cowden Drilling Corp., Box 567, Duncan, Okla. 
Clayton, Neal, North American Geophysical Co., 636 Bankers Mortgage Bldg., Houston, Tex. 
||Cockrum, Earl Conway, Carter Oil Co., Carmi, Il. 
Cook, nn British American Oil Producing Co., 209 Sixth Ave. West, Calgary, Alta., 
Canada 
ee John Robert, Magnolia Petroleum Co., Box goo, Dallas, Tex. 
Coote, George Frederick, Tropical Oil Co., Apt. 335, Bogota, Colombia, S.A. 
Corby, Grant W., consulting, 811 W. Seventh St., Los Angeles, Calif. 
Cottingham, Kenneth, The Ohio Fuel Gas Co., Columbus, Ohio 
Cox, Virginia Jackson, Gulf Oil Corp., Box 1290, Fort Worth, Tex. 
Craig, Ross Walter, Stanolind Oil & Gas Co., Box 40, Casper, Wyo. 
Creed, James Gordon, L. W. Frankley, 544 Roosevelt Bldg., Los Angeles, Calif. 
Cunningham, Benjamin A., Jr., Republic National Bank of Dallas, Box 5961, Dallas, Tex. 
Curry, H. Donald, Shell Oil Co. of Canada, 302 Bank of Toronto Bldg., Calgary, Alta., Canada 
Dawson, William Aubrey, Skelly Oil Co., 510 Petroleum Bldg., Wichita, Kan. 
Devlin, Frank, The Atlantic Refining Co., Tower Bldg., Jackson, Miss. 
Dickson, Dorothy MacGregor, Union Producing Co., Box 2492, Houston, Tex. 
Dietz, Robert Sinclair, 305 Indiana, Urbana, Ill. 
Dillon, Edward Cunningham, Gulf Oil Corp., Box 2100, Houston, Tex. 
Diven, Quay S., Tide Water Associated Oil Co., 888 Pacific Electric Bldg., Los Angeles, Calif. 
Dix, Charles Hewitt, United Geophysical Co., 595 E. Colorado, Pasadena, Calif 
||Dodd, James Grady, Humble Oil & Refining Co., Box 2180, Houston, Tex. 
Drake, Nels D’Arcy, Standard Oil Co. of New Jersey, Room 1626, 30 Rockefeller Plaza, New York, 


Drennan, William Alvin, Western Geophysical Co., 711 Edison Bldg., Los Angeles, Calif. 
Dunlap, Robert Craig, Geophysical Service, Inc., Box 808, Everett, Wash. 

||Durr, John Frendberg, Belle Fourche, S. Dak. 

Eargle, Dolan Hoye, U. S. Goleogical Survey, Box 223, Tuscaloosa, Ala. 

||Elliott, Elizabeth Anne, Gulf Oil Corp., Box 1150, Midland, Tex. 

Erickson, Earling Lester, Continental Oil Co., 700 Edison Bldg., Los Angeles, Calif. 
Evans, Ralph, Standard Oil Co. of Texas, 347 Milam Bldg., San Antonio, Tex. 
Feldmiller, Charles Henry, Equitable Gas Co., Pittsburgh, Pa. 

Ferris, Craig, E. V. McCollum & Co., Thompson Bldg., Tulsa, Okla. 

Finch, Kenneth Day, Schlumberger Well Surveying Corp., Box 92, Shreveport, La. 
Fisher, Arnold J., Skelly Oil Co., Midland, Tex. 

Ford, Robert Davis, Schlumberger Well Surveying Corp., Long Beach, Calif. 

Foster, Fred K., The Chicago Corp., 209 Ardis Bldg., Shreveport, La. 

||French, Harvey F., 1295 S. Odgen St., Denver, Colo. 

Frey, Maurice Gordon, The California Co., 1006 U. S. Natl. Bank Bldg., Denver, Colo. 
Frost, Victor LeRoy, The Ohio Oil Co., Thompson Bldg., Tulsa, Okla. , 
Fruehling, Siegfried Williams, Seismograph Service Corp., 709 Kennedy Bldg., Tulsa, Okla. 
Gagnebin, Elie A., Laboratoire de Geologie, Universite, Lausanne, Switzerland 

Gester, Peter Warren, Richmond Exploration Co., Apt. 93, Maracaibo, Venezuela, S. A. 
Gibson, Lee Wilbur, Humble Oil & Refining Co., Box 2180, Houston, Tex. 

||Gilbert, Edward Everett, Sun Oil Co., Box 186, Bassano, Alta., Canada 

Gilbert, James Cornelius, Barnsdall Oil Co., Box 1061, Cody, Wyo. 
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||Graf, Donald Lee, Rt. 1, Elma, Iowa 
Graser, Frederick Arthur, consulting, 840 E. Thirty-seventh St., Long Beach, Calif. 
Gravelle, Kenneth Allen, Gulf Refining Co., Box 811, Saginaw, Mich. 
Greenman, Wilber Eugene, The Texas Co., 902 Jones Bldg., Corpus Christi, Tex. 
Gruner, Thayer M., Shell Oil Co., Inc., 2000 Alamo Natl. Bldg., San Antonio, Tex. 
Hamblin, Ralph Hugh, Cities Service Oil Co., Box 271, Olney, Ill. 
||Ham, William Otis, Jr., Continental Oil Co., Box 1267, Ponca City, Okla. 
Handley, Ernest Jack, British American Oil Producing Co., Philtower Bldg., Tulsa, Okla. 
Hardin, George C., Jr., Carter Gragg Oil Co., Palestine, Tex. 
Harding, John William, Jr., Union Oil Co. of California, Los Angeles, Calif. 
Hartley, Burton, consulting, Box 1142, Houston, Tex. 
Hass, Wilbert Henry, 333 U. S. National Museum, Washington, D. C. 
Hatch, Jesse Duff, Jr., Humble Oil & Refining Co., Box 1600, Midland, Tex. 
Hawn, Margaret Hayward, W. C. McBride, Inc., Evansville, Ind. 
Higgs, William Reginald, Carter Oil Co., Natchitoches, La. 
Hilburn, Sam E., Permian Basin Sample Lab., Midland, Tex. 
Hoard, John Lucian, Camp No. 4, A. T. B., Fort Pierce, Fla. 
Hodge, Edwin T., consulting, 2915 N. W. Luray Terr., Portland, Ore. 
||Horn, George H., U. S. Geological Survey, 425 Denham Bldg., Denver, Colo. 
Huffman, Harold LaVergn, consulting, Box 1884, Midland, Tex. 
Hull, Arthur M., U. S. Engineers, 604 Santa Fe Bldg., Galveston, Tex. 
Hunter, Frank Rogers, International Minerals & Chemicals Corp., Research Lab., Mulberry, Fla. 
Iglehart, Charles F., Stanolind Oil & Gas Co., Tulsa, Okla. 
ameson, Paul Marvin, Tide Water Associated Oil Co., Box 731, Tulsa, Okla. 
jain’ Stanley Rex, Shell Oil Co., Inc., 514 Forum Bldg., Sacramento, Calif. 
Johnson, Hamilton McKee, Schlumberger Well Surveying Corp., Box 747, Ardmore, Okla. 
Johnson, James F., Sinclair Prairie Oil Co., Fort Worth, Tex. 
Johnson, Jane Marie, consulting, Box 225, Midland, Tex. 
Johnston, Harry Wilton, Jr., Union Producing Co., Box 2492, Houston, Tex. 
Joy, Oliver T., Apt. 2961, Bogota, Colombia, S. A. 
Kaveler, Herman Henry, Phillips Petroleum Co., Bartlesville, Okla. 
||King, Helen June, Carter Oil Co., Box 1490, Jackson, Miss. 
King, Ralph Hughes, U. S. Geological Survey, Box 829, Carlsbad, N. Mex. 
_ =, Benson Madill, Chemical Process Co. Div., Independent Eastern Torpedo Co., Brecken- 
ridge, Tex. 
Koenig, Joseph B., Texas University Lands, Box 1663, Midland, Tex. 
LaBerge, A. Lionel, Imperial Oil Co., Ltd., 302 Examiner Bldg., Calgary, Alta., Canada 
||La Moreaux, Philip Elmer, U. S. Geological Survey, Box 2033, University, Ala. 
Landon, Robert E., General Petroleum Co. of California, Box 465, Kemmerer, Wyo. 
Layer, Douglas B., McColl-Frontenac Oil Co., Ltd., 707 Lancaster Bldg., Calgary, Alta., Canada 
Lehner, Ernest J., Buchillon (Vaud), Switzerland 
Lewis, J. Volney, War Production Board, Washington, D. C. 
Lewis, Kenneth W., W. C. McBride, Inc., Evansville, Ind. 
Ley, Ross Henry, 4829 Crestline Rd., Fort Worth, Tex. 
Lind, Charles McClelland, Humble Oil & Refining Co., Box 1271, Corpus Christi, Tex. 
MacAlpin, Archie Justus, U. S. Geological Survey, Box 177, Univ. of New Mexico, Albuquerque, 


N. Mex. 
Mallory, William W., Phillips Petroleum Co., Bartlesville, Okla. 
||Marquez, Gustavo, Box 1672, University Sta., Austin, Tex. 
McCann, Franklin T., U. S. Geological Survey, 314 Boston Bldg., Denver, Colo. 
McCollum, Aubrey Britton, Deep Rock Oil Corp., Box 1051, Tulsa, Okla. 
||McCosh, Bonnie Enderud, Continental Oil Co., Midland, Tex. ~ 
McCracken, Earl, Gulf Oil Corp., 1107 Union Natl. Bank Bldg., Wichita, Kan. 
McDowd, Edward L., Shell Oil Co., Inc., 1008 W. Sixth St., Los Angeles, Calif. 
||McKinley, Glenn Ernest, 1728 N. W. Thirty-third, Oklahoma City, Okla. 
McLaughlin, Roy P., consulting, 2055 Milan Ave., S. Pasadena, Calif. 
||McMahon, Beverly Edith, Shell Oil Co., Inc., Wichita Falls, Tex. 
Means, John B., Jr., Tide Water Associated Oil Co., Box 1548, Jackson, Miss. 
Mencher, Ely, Socony-Vacuum Oil Co. of Venezuela, Apt. 246, Caracas, Venezuela, S. A. 
Merkt, Ernest E., Jr., Gulf Oil Corp., Box 1290, Fort Worth, Tex. 
Milek, William Arthur, Union Oil Co. of California, Box 980, Laramie, Wyo. 
Millward, Louis George, Socony-Vacuum Oil Co., Ltd., 62 Sharia Ibrahim Pasha, Cairo, Egypt 
Minton, Morris Creswell, 501 Argyle Apartments, Dallas, Tex. 
||Morales, Luis German, Tropical Oil Co., Bogota, Colombia, S. A. 
Naffziger, Luther Orlando, Sinclair Prairie Oil Co., Tulsa, Okla. 
||Neel, Henry Howard, Tide Water Associated Oil Co., Ventura, Calif. 
Nelson, Donald Oliver, The Texas Petroleum Co., Apt. Postal 877, Bogota, Colombia, S. A. 
Noble, Arthur Henry, Anglo-Saxon Petroleum Co., St. Helen’s Court, London, E. C. 3, England 
Oliver, Donald McCreery, Kerlyn Oil Co., Box 243, Midland, Tex. 
O’Rourke, Edward Vincent, Lord Hall, Ohio State University, Columbus, Ohio 
Parker, Jack Adriance, Sun Oil Co., Box 1682, Midland, Tex. 
Pattison, William Harold, Transwestern Oil Co., 605 Union National Bank Bldg., Wichita, Kan. 
Payne, Willard M., The California Co., 1818 Canal Bldg., New Orleans, La. 


| 


THE ASSOCIATION ROUND TABLE 1367 


Pearce, Roy Ward, Socony-Vacuum Oil Co., Box 246, Caracas, Venezuela, S. A. 
Peterson, Victor Edwin, Magnolia Petroleum Co., Box 633, Midland, Tex. 
Petsch, Bruno Carl, State Geological Survey, Vermillion, S. Dak. 
||Peyser, Gladys Minette, The California Co., 1818 Canal Bldg., New Orleans, La. 
Peyton, Garland, Department of Mines, Mining, & Geology, 425 State Capitol, Atlanta, Ga. 
Phillips, Lee E., Jr., The Phil-Han Oil Co., 1122 Union Natl. Bank Bldg., Wichita, Kan. 
Pierce, Edith Ann, Great Lakes Carbon Corp., Wichita, Kan. 
||Pincomb, Edwin Moats, The Texas Co., Box 415, Chickasha, Okla. 
Popenoe, Hubert L., Jr., Shell Oil Co., Inc., Box 999, Bakersfield, Calif. 
||Porter, Hugh, Seismic Explorations, Inc., Box 826, Mansfield, La. 
Raggatt, Harold George, Mineral Resources Survey, Department of Supply & Shipping, Canberra, 
A. T. C., Australia 
Randolph, James Richardson, Shell Oil Co., Inc., Box 2099, Houston, Tex. 
Rassinier, Edgar A., Phillips Petroleum Co., Bartlesville, Okla. 
Rathwell, Harold B., 427 Lupin Way, Ventura, Calif. 
Reed, George Wylie, Seismograph Service Corp., 709 Kennedy Bldg., Tulsa, Okla. 
||Reidford, Harry Kenneth, Imperial Oil Co., Ltd., Norman Wells, N. W. T., Canada 
Riegle, John, Jr., Southern California Gas Co., Box 3249, Terminal Annex, Los Angeles, Calif. 
Robeck, Raymond Clifton, U. S. Geological Survey, Box 87, Rifle, Colo. 
Robertson, Forbes Smith, Standard Oil Co. of New Jersey, Richmond Trust Bldg., Richmond, Va. 
Robinson, W. Bernard, Gulf Research & Development Co., Box 2038, Pittsburgh, Pa. 
Rodgers, Thompson Deane, Stanolind Oil & Gas Co., Box 689, Jackson, Miss. 
Rogers, Carl Pembroke, Jr., U. S. Geological Survey, Box 1658, Billings, Mont. 
||Rohrer, George H., Socony-Vacuum Oil Co., 26 Broadway, New York, N. Y 
Rutherford, Ralph Leslie, Univ. of Alberta, Edmonton, Alta., Canada 
Sampson, Charles Milburn, Freeport Sulphur Co., Box A, Freeport, Tex. 
Schoo, Jan Hendrick, Shell Oil Co., Inc., 1008 W. Sixth St., Los Angeles, Calif. 
Scott, James Campbell, Shell Oil Co., Inc., Bank of Toronto Bldg., Calgary, Alta., Canada 
Pree ag Arthur A., Jr., Transwestern Oil Co., 1600 Milam Bldg., San Antonio, Tex. 
Smith, Holly E., Superior Oil Co., Box 510, Midland, Tex. 
Spalding, Robert W., Shell Oil Co., Inc., 611 E. Twelfth St., Casper, Wyo. 
Sparks, Jackson Bennett, Industrial Gas Corp., Newark, Ohio 
Starkey, Caldwell, Stanolind Oil & Gas Co., Garden City, Kan. 
| Stephenson, Robert Charles, Union Oil Co. of California, Box 980, Laramie, Wyo. 
Stillwell, James Henry, Superior Oil Co., Box 1382, Shreveport, La. 
Stoltenberg, Harold Waite, Phillips Petroleum Co., Box 791, Midland, Tex. 
Stoneham, Sebron Lloyd, Sun Oil Co., McAllen, Tex. 
: | Swanson, Raymond H., Amerada Petroleum Corp., Box 2040, Tulsa, Okla. 
Sype, William Russell, Stanolind Oil & Gas Co., Tulsa, Okla. 
Thomas, Earl, Geophysical Service, Inc., 1311 Republic Bank Bldg., Dallas, Tex. 
Thomas, William Henry, Shell Oil Co., Inc., Box 691, Ventura, Calif. 
Toomey, Charles C., Midco Oil Corp., Box 1090, Tulsa, Okla. 
Trostel, Everett G., DeGolyer & MacNaughton, 1000 Continental Bldg., Dallas, Tex. 
||Trout, Kye, Jr., Gulf Oil Corp., Box 4232, Odessa, Tex. 
|Underwood, Lloyd Bradish, U. S. Geological Survey, Washington, D. C. 
Van Norden, Peter John, Socony-Vacuum Oil Co., 26 Broadway, New York, N. Y. 
van Rossum, Otto, Mexican Gulf Oil Co., Box 106, Tampico, Tamps., Mexico 
Van Siclen, De Witt Clinton, 264 Park Lane, Douglaston, Long Island, N. Y. 
Vonderschmitt, Louis, Geo]. Pal. Institut, Bernoullianum, Basel, Switzerland 
||Wagner, C. Philip, Superior Oil Co., 506 First National Bank Bldg., Denver, Colo. 
Waidhofer, Joe John, Barnsdall Oil Co., Box 873, Midland, Tex. 
Walsworth, Kenneth G., Geological Survey Div., Department of Conservation, Lansing, Mich. 
||Ware, William Edmond, The California Co., 1818 Canal Bldg., New Orleans, La. 
Watson, John Gaul, Shell Oil Co., Inc., Box 1347, Shreveport, La. ’ 
ee James, Michigan Consolidated Gas Co., 47 Division Ave., N., Grand Rapids, 


ich. 
||Webb, Byron K., General Petroleum Corp., Los Angeles, Calif. 
Whaley, Harry Max, Tide Water Associated Oil Co., Box 811, Ventura, Calif. 
White, George W., Orton Hall, Ohio State University, Columbus, Ohio 
White, Gordon Ashbridge, Apt. B-359, 2710 Thirtieth St., S.E., Washington, D. C. 
Wiedenmayer, Carl, Standard Oil Co. of New Jersey, 30 Rockefeller Plaza, New York, N. Y. 
Wilkins, Edwin Lewis, Danciger Oil & Refining Co., Baton Rouge, La. 
||Williams, William Paul, Stanolind Oil & Gas Co., Amarillo Bldg., Amarillo, Tex. 
Wilpolt, Ralph Henry, U. S. Geological Survey, Box 177, Univ. of New Mexico, Albuquerque, 
N. Mex 


Wilson, Wallace Woodrow, Ryder Scott Co., Box 108, Bradford, Pa. 

Womack, Robert, Jr., 203 S. Waverly Dr., Dallas, Tex. 

Woods, Peter Gerald, Jr., Seaboard Oil Co. of Delaware, Bakersfield, Calif. 

Woodward, Jack Spurgeon, Magnolia Petroleum Co., Box goo, Dallas, Tex. 

Woollard, George Prior, Woods Hole Oceanographic Inst., Woods Hole, Mass. 

youre, W. Ford, Colombian Gulf Oil Co., Apt. Nac. 1339, Bogota, Colombia, S. A. 
Yust, Morton R., The Texas Co., Box 1801, Wichita, Kan. 
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MEMORIAL 


DONALD FROST NEWELL 
(1911-1944) 

Lieutenant Colonel Donald Frost Newell, Field Artillery, was reported by the War 
Department as having died, December 7, 1944, in the Army General Hospital, Brisbane, 
Australia. Particulars as to the cause of Colonel Newell’s death have not yet been reported 
to the immediate family. However, the last letters from him, written from a station hospital 
in New Guinea, tell of an accident by which a bullet from an army pistol entered his left 
knee. X-rays indicated the bone to be undamaged and apparently an early and complete 
recovery was predicted. After six weeks’ hospitalization in New Guinea, Colonel Newell’s 
recuperation was not as satisfactory as anticipated and, with the thought that a change in 
climate might be of benefit, he was given leave to go to Australia. A wire from the War 
Department in late November, 1944, reported him seriously ill in the Army General Hos- 
pital at Brisbane—this being followed a week later by the second message reporting his 
death on December 7, as a war casualty. 

Colonel Newell was born at Franklin, Franklin County, Nebraska, on November 24, 
1911, the son of Reverend Arthur Frost and Alice Bross Newell. His parents later moved to 
Garner, Iowa, and subsequently to Blair, Nebraska, where Donald received his early edu- 
cation, having been graduated from high school in 1929. While a student in Blair High 
School he was a member of the high-school orchestra and took a prominent part in other 
school activities. His loyalty and courage were responsible for establishing a reputation as 
one of the leading players on the football team. 

Don chose geology as his profession early in life and selected the University of Okla- 
homa as the most appropriate school to secure his formal education. In the fall of 1929 he 
enrolled as student in the School of Geology. Under the guidance of Professors C. E. 
Decker, V. E. Monnett, R. W. Harris, G. E. Anderson, and others, he soon began to de- 
velop the leadership and ability with which he gained outstanding achievements in later 
life. 

His college work was broken for a period of two years, during which he supervised a 
C.C.C. camp in the Black Hills under the direction of the War Department. After his 
return to the University of Oklahoma he exhibited a renewed interest in military matters 
and was promoted to ranking Major in the R.O.T.C. artillery battalion and upon gradua- 
tion received a Lieutenant’s commission as a U. S. Army Reserve Officer. In the spring of 
1936 Don received a B.S. degree in geology with first honors. In addition to his devotion 
to the studies of geology and military science, he earned a major part of his expenses while 
in college. 

He joined the geological staff of Phillips Petroleum Company immediately following 
his graduation and began work at El Dorado, Arkansas. In January, 1937, he was given 
a geological assignment in Lexington, Kentucky, which terminated in June of that year. 
Don was then transferred to Corpus Christi, Texas, where he remained until entering 
active military service. His enthusiasm, loyalty, and aptitude for solving many geological 
problems on the Gulf Coast were rewarded by increased responsibilities. In June, 1939, he 
was promoted to the position of assistant district geologist of the Gulf Coast area. In this 
position he did outstanding work in directing Phillips Petroleum Company’s development 
and exploration programs. 

With the anticipated war in Europe in 1940 and 1941, Don was called in April, 1941, 
as a First Lieutenant, for the periodical refresher course required of reserve officers. He was 
stationed at Fort Bliss, El Paso, Texas, at the time of the Pearl Harbor assault on Decem- 
ber 7, 1941, after which he was in active service for the duration. 
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In February, 1942, he was made a Captain in the Field Artillery and during maneuvers 
in Louisiana in the summer of that year he was liaison officer to brigade headquarters and 


Donatp Frost NEWELL 


was made a member of the general staff as G-3, in charge of training artillery troops. After 
completing a three months’ course in artillery technique at Fort Sill, Oklahoma, Don was 
promoted to the rank of Major in November, 1942, and became commanding officer of a 
field-artillery battalion. 
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Don’s artillery unit and the First Cavalry Division (unmounted), to which it was at- 
tached at Fort Bliss, were ordered to Australia in the spring of 1943. After eight months’ 
of maneuvers and instruction in methods of jungle warfare, the two units were ordered by 
General MacArthur to make landings on, and take, the Admiralty Islands, north of New 
Guinea. This they did during February and March, 1944, the battles being of equal 
severity and costliness to those of Tarawa and Guadalcanal. 

During sixteen days and nights of jungle fighting on Manus Island, of the Admiralty 
Group, Don was continuously on the front line and under fire. In this operation Lieutenant 
General Verne D. Mudge, his commanding officer, cabled headquarters requesting Don 
be given a combat promotion from Major to Lieutenant Colonel, which was immediately 
granted. The dispatch with which Don carried out his assignments in this action, for which 
he was later awarded the Bronze Star medal, is described by a certificate dated, June, 1944, 
and signed by Brigadier General Verne D. Mudge and Captain Peter H. Comnas as fol- 
lows. 


The work of this officer was outstanding and was a major individual contribution to the success of 
the operation. Not only was Lieutenant Colonel Newell called upon to control all artillery fires, but 
he also was given the task of coordinating air and naval supporting fires. He alone was responsible 
for receiving all calls for reinforcing fires, whether ground, air or naval. 

Lieutenant Colonel Newell accepted this grave responsibility and performed his mission with 
superior judgment, calmness, and dispatch. He was on duty for long periods, and under the most 
adverse conditions of weather and terrain. 


The Bronze Star medal, for those whose achievements have been so heroic and meritorious 
during combat against the enemy of the United States as to distinguish them above their 
comrades, was presented to Don by direction of the President on September 17, 1944. 

During the summer of 1944 Don was busy as a member of the general staff in planning 
the invasion of the Philippines, scheduled for early October. His accident occurred, Sep- 
tember 29, 1944, and during his hospitalization his unit was ordered to Leyte, Philippine 
Islands. 

Don became a member of A.A.P.G. in 1938 and always maintained an active interest 
in the Association. He was an active member of many organizations, including Sigma Xi, 
Sigma Gamma Epsilon, Pick and Hammer Club, and Scabbard and Blade. 

Colonel Newell is survived by his wife, Frances, to whom he was married on October 
II, 1931; a son, Lee, age 10; and a daughter, Nancy, age 9, all now living at Blair, Ne- 
braska. He is also survived by his parents, Reverend and Mrs. A. F. Newell of 2723 
Webster Avenue, Kansas City, Kansas; by a brother, Perry, of Chicago, but now a radar 
man on a navy transport in the Pacific area; and by two sisters, Mrs. Martha N. Sprecher 
of 1815 Cleveland Avenue, Kansas City, Kansas, and Mrs. Lydia N. Marvin of 3129 41st 
Avenue, S., Minneapolis, Minnesota. 

To those who knew Colonel Newell well, his military record reflects the honorable 
character we have always associated with him. He was a modest man of high moral 
standards, being outstandingly clean in mind, heart, and body. His contributions of good 
will, fair play, honesty, and sincerity of purpose are lasting monuments to all who knew 
him. 

D. E. LounsBERY 
N. P. IsENBERGER 
BARTLESVILLE, OKLAHOMA 
July 27, 1945. 
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AT HOME AND ABROAD 


CURRENT NEWS AND PERSONAL ITEMS OF THE PROFESSION 


Roy L. BECKELHYMER has resigned from the Union Producing Company to open his 
own Office as consulting geologist in the Mellie Esperson Building, Houston, Texas. 


J. F. Gattre has resigned his position as senior geologist of the Arkansas Oil and Gas 
Division at El Dorado, Arkansas, to accept a position as geologist with the Cabot Carbon 
Company of Pampa, Texas. __ 

Oscar HatTcue_R, geologist with Helmerich and Payne, Tulsa, Oklahoma, has a brief 
article in the Oil Weekly of August 20, entitled ‘Foreign Oil Can Be U. S. Asset.” He sug- 
gests the use of natural underground reservoirs in depleted fields for storing surplus oil. 


1st Lieutenant RoBERT W. EVERETT, JR., is now detachment commander of an AACS 
radio station in Brazil and can be reached at the following address: Det 157th AACS SQ., 
APO 619, c/o P.M., Miami, Florida. 

L. F. McCottum, of New York, and O. C. WHEELER, of Toronto, are new members of 
the board of directors of the International Petroleum Company, Ltd. 


Miran D. Maravicu has been discharged from Army service and is working for the 
Stanolind Oil and Gas Company, stationed at Wichita, Kansas. For a time Maravich 
served with the Petroleum Administration for War in the Tulsa, Oklahoma, office. 


Donatp L. Nor.1ne, formerly district geologist in Oklahoma for the Devonian Oil 
Company, has been transferred to Fort Worth, Texas, where the company recently estab- 
lished the main office of the land and geological departments. 


Captain Kirk S. WuireE returned last February from duty as combat intelligence 
officer in the Air Corps, and has resumed his consulting practice at Tulsa. 


H. K. ArMstronG, formerly with the Richfield Oil Corporation, is a consulting geolo- 
gist, 430 Van Nuys Building, Los Angeles, California. 


Major R. B. Downtnc has been relieved from active duty in the Air Corps. He is with 
the Lane-Wells Company, Oklahoma City. 


Lieutenant Joun R. ELtts, Jr., of Helena, Montana, is at the Photo. Int. Center, 
Anacostia, D. C. 


Major Ricwarp K. Puncues, of the Phillips Petroleum Company is in the Corps of 
Engineers. His home address is 369 Jackson Street, Hempstead, New York. 


Lieutenant Joun P. Porscu, of Cicero, Illinois, is in the Navy. 


Lieutenant Homer O. Woopsury, of Boulder, Colorado, may be addressed: VN-8, 
U. S. Naval Academy, Annapolis, Maryland. 


Lieutenant WitpuRN H. AKkers, of Oklahoma City, Oklahoma, is now military 
governor of Lenz, Austria. He has been overseas more than 3 years, and has been in battle 
service in Africa, Italy, and Germany. 


Ensign Wicutta F. SHELDON, of the Shell Oil Company, Inc., is in the Navy, at the 
Hydrographic Office, Washington 25, D. C. 
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Epwarp Ricuarp Rigs, of Freeman, South Dakota, is in the Infantry, Division 
Headquarters. 

Captain HARLAN WILLARD NEWELL, 2692 Landon Road, Cleveland, Ohio, is in mili- 
tary government. 

Ensign Stewart H. Fork, of the Illinois Geological Survey, is overseas. His home 
address is 401 North Elm, Little Rock, Arkansas. 

Lieutenant BEVERLY BrapisH, of the Carter Oil Company, is in the Navy. 


B. E. THompson has been appointed division superintendent in the production depart- 
ment of the Gulf Oil Corporation, at Fort Worth, Texas. Thompson has been on the 
geological staff of the Gulf for 26 years. Gorpon H. FIsHER becomes chief production 


engineer. 

Lieutenant Mark L. Orr, of Idalou, Texas, was reported missing in action since 
April 13, 1945. He was in naval aviation. 

Captain MAXWELL Rotanp SarTAIN, of Oklahoma City, Oklahoma, is in the Army Air 
Force at Orlando, Florida. 

Lieutenant NoRMAN CUTLER Situ, of Somerville, New Jersey, may be addressed: 
P.I.C., Navy Yard, Washington 25, D. C. 

Lieutenant TENNANT Brooks, formerly with the Union Oil Company of California, 
Bakersfield, California, is in the Navy Air Corps. 

GrorGE I. McFERRON recently resigned from the Whiggins and McFerron Oil Com- 
pany and is now working for the Sohio Petroleum Company as district geologist at 
Houston, Texas. 

Guy M. RatttrrF has resigned his position as geologist for Al Buchanan of San 
Antonio, and has taken a position with the Petty Geophysical Engineering Company, 
San Antonio, Texas. 

James NorMAN Payne, recently with the Stanolind Oil and Gas Company at Wichita, 
Kansas, is with the Bureau of Research, Department of Geology, University of Arkansas, 
Fayetteville, Arkansas. 


Fanny C. Epson, consulting geologist, may be addressed at 703 Petroleum Building, 
Wichita, Kansas. 

CLARENCE J. PETERSON is chief geologist of the Texoma Natural Gas Company, 
Amarillo, Texas. 

R. M. StarnrortH has left the geological laboratory of Trinidad Leaseholds, Ltd., 


Pointe-a-Pierre, Trinidad, to engage in micropaleontological work in Ecuador for the 
International Ecuadorean Petroleum Company, Box 803, Quayaquil, Ecuador. 


SIDNEY SCHAFER, formerly geophysicist for the Pan American Production Company, 
has opened an office as a consulting geophysicist, and may be addressed at 1248 Mellie 
Esperson Building, Houston 2, Texas. 


An unfortunate typographical error occurred in the advertisement of the Mayes- 
Bevan Company on page iv of the July Bulletin, appearing to change the name of the 
company. Mayes-Bevan Company specializes in gravity-meter surveys. Company offices 
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are in the Kennedy Building, Tulsa, Oklahoma. The members of the firm are Tom D. 
Mayes and Tuomas J. BEVAN. 
GLENN C. FERcuson, who has been division micropalentologist with the Union Oil 


Company of California since 1933, has opened an independent laboratory in his capacity 
as petroleum geologist and paleontologist. His address is Room 1, Professional Building, 


1829 H St., Bakersfield, California. 

Lieutenant James JR., of Oklahoma City, Oklahoma, is in Amphibious 
Group Six, U. S. Pacific Fleet. 

Lieutenant FRANK REEDY may be addressed: Navy 3011, Div. 3, c/o F.P.O., San 
Francisco, California. 

Raymonp A. VAN Eaton, of Houston, Texas, with Mills Bennett, 3402 Gulf Building, 
is on terminal leave from military service. 

D. A. Prosst is with the Mene Grande Oil Company, Barcelona, Venezuela. He was 
recently with the Gulf Oil Corporation at Pittsburgh, Pennsylvania. 

T. PRESTON WARE, JR., is geologist for Baldridge & King, McAllen, Texas. 

Wi11amM ALBERT McMorris, of the Carter Oil Company, Tulsa, Oklahoma, is in the 
Air Corps. 

JoE Cannon, who has been with the Petroleum Administration for War at Chicago, 
Illinois, has returned to 808 McBurnett Building, San Angelo, Texas. 

Rosert L. Jounston has resigned from the Stanolind Oil and Gas Company at 
Wichita, Kansas, and is now with the Superior Oil Company of California in Denver, 
Colorado. 

Captain James HELIs is in the Ordnance Department. He may be addressed: Ord. 
Sect. AFHQ, APO 512, c/o P.M., New York, N. Y. 

Captain Rosert S. Hackett, of the General Petroleum Corporation of California, is 
with the Marine Bomber Sq. 433, c/o Fleet Postmaster, San Francisco, California. 

Captain Martow D. ME vin, of Columbus, Ohio, is in the Infantry: AT Co., 379th 
Inf., 95th Div., Camp Shelby, Mississippi. 

Lieutenant Colonel F. B. CoNsELMAN, of Wichita, Kansas, is in the Air Corps. 

Corporal NorMAN EwBANK is at Camp Callan, California: 595 JASCO, Sec. 8. 

Marion R. DE EscaLiton may be addressed: Taca de Colombia, Apartado Nacional 
2727, Bogota, Colombia. 

B. O. WINKLER is with the Standard-Vacuum Oil Company, 26 Broadway, New York, 
New York. 

Frank A. ScHULTz, formerly with the American Liberty Oil Company, Dallas, is now 
with the Southern Union Gas Company, Burt Building, Dallas, Texas. 

Lioyp B. UNDERWOOD is with the United States Geological Survey, Washington 25, 


Joun R. FaNsHAWE, of the General Petroleum Corporation of California, has been 
transferred from Billings, Montana, to the division office at Casper, Wyoming. 
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The Phillips Venezuelan Oil Company is operating in eastern Venezuela. Association 
members who are key men in the Phillips foreign exploration program are: D. R. KNowt- 
TON, Bartlesville, vice-president; N. P. ISENBERGER, of Bartiesville, director of exploration 
for the foreign department; F. W. FLoyp, Caracas, general manager; C. P. Bone, Caracas, 
chief geologist ; STEWART Barctay, Caracas, chief geophysicist. 


Frep P. SHAYES, district geologist for the Union Producing Company, at Beeville, 
Texas, has been promoted to the position of district manager. Shayes has been at Beeville 
20 years. 


D. W. St. Crarr, after nearly 10 years with the Shell Oil Company in the Mid-Con- 
tinent, Eastern, and Gulf Coast areas as surface, subsurface, and research geologist, has 
resigned to become connected with DeGolyer and MacNaughton, of Dallas. His address 
will be Box 51, Midland, Texas. 


CLAUDE W. Horton, formerly with the Underwater Sound Laboratory, Harvard Uni- 
versity, is now senior geophysicist with The Texas Company. He will be stationed in 
Bogota, Colombia. 


H. H. Power, professor of petroleum engineering at the University of Texas, is in 
Caracas, Venezuela as a special consultant to the Mene Grande Oil Company. 


Raymonp D. Sion, head of the Carter Oil Company’s scouting and statistical divi- 
sion at Tulsa, has been transferred to Billings, Montana, as division geologist, succeeding 
D. L. BLAcKsTONE, who has returned to the University of Missouri as associate professor 
of geology. 


Haro_p B. Foxua zt has resigned from the U. S. Geological Survey to become director 
of the division of geology of the Arkansas Resources and Development Commission, Little 
Rock, Arkansas. 


Six workers in different phases of earth science in the High Plains and related and 
adjacent regions attended a field conference, in August, on the geomorphology and late 
Cenozoic geology of the Llano Estacado at the invitation of W. ARMSTRONG PRICE and 
Maxim K. E tas. Objectives were the origin and stratigraphy of the Ogallala formation 
and the validity of its “‘cap-rock”’ limestone as a structural key bed, the geomorphology of 
the plateau, and the nature of the Quaternary deposits involved in its history. Those com- 
pleting the main confercnce trip were: Maxim K. Eras, paleontologist, Nebraska Geo- 
logical Survey; JoHN C. FRYE, assistant State geologist, Kansas; C. RICHARD MURRAY 
and Urtry N. BENGE, geologists, Division of Ground Water, United States Geological 
Survey, Albuquerque, New Mexico; Epwarp H. Temp rin, soil scientist, assistant soils 
inspector, Bureau of Plant Industry, Department of Agriculture, College Station, Texas; 
W. ARMSTRONG PRICE, geologist, Corpus Christi, Texas, leader of the conference. A side 
trip to the Carlsbad region was led by Ronatp K. DrEForp, chief geologist, Argo Oil 
Corporation, Midland, Texas, accompanied by W. A. WALDsSCHMIDT, geologist, of the 
same company. Definite results in correlation of the Ogallala between the northern and 
southern parts of the High Plains are believed to have been obtained and important re- 
gional contrasts in geomorphology noted. The lithology of the Ogallala “algal” limestone 
of Kansas and typical algal bioherms were identified on the Llano Estacado. An approach 
to an understanding of the obscure origin of “caliche” cap rocks of the semi-arid regions 
seems to have been accomplished. 


Noves B. LivincsTon has resigned his position as chief geologist for Y.P.F. Bolivianos, 
after the completion of his 2-year contract. His home is in Fort Worth, Texas. 
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HARoxp W. Haicur has left the Standard Oil Company of Egypt, at Cairo, to become 
production manager for the Creole Petroleum Corporation at Caracas, Venezuela. 


R. G. SoOHLBERG has been transferred from the Richmond Petroleum Company of 
Colombia, at Bogota, to the Richmond Exploration Company of Venezuela, at Maracaibo. 


Sergeant LAuRENCE F. Dake, of Rolla, Missouri, is in the Air Corps. 


Sergeant Frep S. LILLIBRIDGE, of Wichita, Kansas, has the following military address: 
A Co., 654th Engr. Topo. Bn., A.P.O. 403, c/o Postmaster, New York, N.Y. 


Captain RoBert J. CHAMBERS, of the Phillips Petroleum Company, Houston, Texas, 
may be addressed: Hq. 3d Bn., 119th Infantry, A.P.O. 3c, New York, N. Y. 


R. D. McCiuv_Er, of Midland, Texas, is with the Phillips Venezuelan Petroleum Com- 
pany, Caracas, Venezuela. 


L. W. LERoy has returned to rejoin the geological department of the Colorado School 
of Mines, Golden, Colorado, following the termination of the South Mediterranean Oil- 
fields, Ltd. (subsidiary of the Standard Oil Company of California), in Egypt. 


It is reported from Russia that seismic prospecting during the period of the war has 
increased the belief that oil deposits beneath the Caspian Sea are larger than those be- 
neath the surface of the Apsheron Peninsula. More than a third of the oil produced in the 
Baku area comes from wells completed at points under the sea. 


Joun M. Ware has resigned as assistant manager of exploration for the Deep Rock Oil 
Corporation after 19 years with that company. He has opened an office as geological con- 
sultant in Tulsa, Oklahoma. 


Witson B. Emery, vice-president and manager of production of the Ohio Oil Com- 
pany, Findlay, Ohio, has been elected a member of the board of directors to fill the va- 
cancy caused by the retirement of C. L. Fleming. 


Norvat E. Baker, chief geologist for the Iraq Petroleum Company, Ltd., is returning 
from New York to London, after having made arrangements for extensive geophysical 
surveys in the Middle East. 


OrEN C. Baptist, recently with the Socony-Vacuum Oil Company de Colombia at 
Bogota, Colombia, is engaged in subsurface geology and petroleum engineering for the 
General Petroleum Corporation at Casper, Wyoming. 


Lieutenant LUTHER Davin Haw Ley, of The Texas Company, is in the Naval Reserve. 
His home address is Box 147, Saunderstown, Rhode Island. 


CaROLINE E, HEminway, associate professor of geology at Smith College, Northamp- 
ton, Massachusetts, has returned after a leave of absence of 2 years during which time she 
was senior paleontologist for the Shell Oil Company, Inc., at Houston, Texas. 


Luis CAMMINATI-CorTEs has graduated from the Petroleum Engineering School at the 
University of Texas, Austin, and has joined the petroleum engineering staff of the Interna- 
tional Petroleum Company at Negritos, Peru. 


R. G. Murpuy, of the Union Producing Company, has been transferred from Shreve- 
port, Louisiana, to Tyler Texas, where he is district geologist in the new East Texas dis- 
trict office. 
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1376 AT HOME AND ABROAD 


CHESTER REAMs Tuomas is working for the United States Geological Survey at Den- 
ver, Colorado. 


Park J. JONEs, consulting petroleum engineer of Houston, formerly with The Texas 
Company, is the author of a series of articles on ‘The Optimum Rate of Production of Oil, 
Condensate, and Natural Gas,” in the Oil and Gas Journal. 


EvucENE Ho.may, president of the Standard Oil Company (New Jersey), has an- 
nounced plans for two new oil-research centers, one at Linden, New Jersey, and one at 
Baton Rouge, Louisiana, to be completed in 1946 or 1947. The new laboratories are to be 
used for developing new and improved products from oil and for extending sources of sup- 
ply, including production of oil from natural gas, gasification of coal, production of coal, 
production of oil from coal, and other research. 


S. C. PALMERSTON is with the United Geophysical Company, Inc., Apartado Aereo 
465, Barranquilla, Colombia. 


Lieutenant RIcHARD F. MILLER, of Aurora, Colorado, is in the Army Air Corps, Box 
2196, O.M.S., Lowry Field, Colorado. 


Lioyp W. STEPHENSON, principal geologist of the United States Geological Survey, has 
moved his residence from Washington, D. C., to 4620 Rosedale Avenue, Bethesda, Mary- 
land. 


Captain RoBert SIncLair Dietz, of Urbana, Illinois, is in the Air Corps Reserve, 
Hendricks Field, Florida. 


Lieutenant WILBUR FRANK ROGERS, of Seward, Nebraska, may be addressed: U.S.S: 
Karnes APA 175, F.P.O., San Francisco, California. 


Epmonp G. Orton, III, is in the Chemical Warfare Service, Edgewood Arsenal, Mary- 
land. His home is 404 South Cuyler Avenue, Oak Park, Illinois. 


Captain JosepH G. HaTHEwaAy is with the 72d AAF Base Unit, 23d Weather Region, 
Peterson Field, Colorado Springs, Colorado. 


Major Lynn D. Ervin, of the Stanolind Oil and Gas Company, is in the U. S. Marine 
Corps, MTC, Camp Pendleton, California. 


Wrt1aM E. Humpurey, formerly with the Texas Petroleum Company, Caracas, Vene- 
zuela, may be addressed: Ultramar S.A.P.A., Leandro N. Alem 619, Buenos Aires, Argen- 
tina. 


FRANK W. Micuavx, oil operator, 1609 Commerce Building, Houston, Texas, has re- 
turned to inactive military duty. 


Keir M. Hussey has returned from Army Air Service to his position at the Univei- 
sity of Houston. 
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PROFESSIONAL DIRECTORY 


CALIFORNIA 


Js 

Geologist — Geophysicist 
529 East Roosevelt Road 

LONG BEACH CALIFORNIA 


Specializing in Magnetic Surveys 


PAUL P. GOUDKOFF 
Geologist 


Geologic Correlation by Foraminifera 
and Mineral Grains 


799 Subway Terminal Building 
LOS ANGELES, CALIFORNIA 


VERNON L. KING 


Petroleum Geologist and Engineer 


707 South Hill Street 
Los ANGELES, CALIFORNIA 
Vandike 7087 


A. I. LEVORSEN 
Petroleum Geologist 


STANFORD UNIVERSITY CALIFORNIA 


JEROME J. O'BRIEN 
Petroleum Geologist 


Examinations, Reports, Appraisals 
Petroleum Building 
714 West Olympic Boulevard 
McCartHy & O'BRIEN Los Angeles 15, Calif. 


ERNEST K. PARKS 


Consultant in 
Petroleum and wae Gas Development 
an 
Engineering Management 
614 S. Hope St. 
LOS ANGELES, CALIFORNIA 


HENRY SALVATORI 


Western Geophysical Company 


711 Edison Building 
601 West Fifth Street 
LOS ANGELES, CALIFORNIA 


RICHARD L. TRIPLETT 
Core Drilling Contractor 


WHitney 9876 2013 West View St. 


Los ANGELES 16, CALIF. 


COLORADO 
C. A. HEILAND HARRY W. OBORNE 
Heiland Research Corporation Geologist 
. 304 Mining Exchange Bldg. 230 Park Ave. 
Colorado Springs, Colo. New York, N.Y. 
DENVER 9, COLORADO Main 7525 Murray Hill 9-3541 
ILLINOIS 


C. E. BREHM ANpD J. L. MCMANAMY 
Consulting Geologists 
and Geophysicists 


116¥2 South 9th Street, Mt. Vernon, Illinois 
and 
Henry Building, Jackson, Mississippi 


ELMER W. ELLSWORTH 
Consulting Geologist 


201 Grand Theatre Building 
132 North Locust Street 
CENTRALIA, ILLINOIS 
Now in military service 


L. A. MYLIUS 


Geologist Engineer 


132 North Locust Street 
Box 264, Centralia, Illinois 


T. E. WALL 
Geologist 


Mt. Vernon Illinois 
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INDIANA KANSAS 


HARRY H. NOWLAN 

; Consulting Geologist and Engineer 

Specializing in Valuations 
Evansville 19, Indiana 

317 Court Bldg. 


WENDELL S. JOHNS 
PETROLEUM 
GEOLOGIST 


Office Phone 3-0281 600 Bitting Building 


Phone 2-7008 Res. Phone 6-5635 Wichita 2, Kanses 


LOUISIANA MISSISSIPPI 


WILLIAM M. BARRET, INC. L. B. HERRING 
Consulting Geophysicists Geologist 
Natural Gas Petroleum 
pecializing in Magnetic Surveys i 
Giddens-Lane Building SHREVEPORT, La. Biss. 
MISSISSIPPI 
MELLEN & MONSOUR 


; G. JEFFREYS P Consulting Geologists 
Geologist Engineer 
7 Specialist, Mississippi & Alabama Frederic F. Mellen E. T. ‘‘Mike’’ Monsour 
2 100 East Pearl Street Box 2571, West Jackson, Mississippi 
11245 E, Capitol St. Phone 2-1368 


NEW YORK 


BROKAW, DIXON & McKEE 
Engineers 


BASIL B. ZAVOICO 


Petroleum Geologist and Engineer Geologists 


OIL—NATURAL GAS 


Examinations, Reports, Appraisals 
Estimates of Reserves 


220 East 42nd Street 
NEW YORK 17, NEW YORK 


MuUrray Hill 2-6750 


120 Broadway 
New York 


Gulf Building 
Houston 


OHIO 


NORTH CAROLINA 


JOHN L. RICH 
Geologist 


Specializing in extension of ‘‘shoestring’’ pools 


RODERICK A. STAMEY 
Petroleum Geologist 


109 East Gordon Street 


University of Cincinnati 


Cincinnati, Ohio NorTH CAROLINA 


KINSTON 


OKLAHOMA 


R. W. Laughlin L. D. Simmons ELFRED BECK 
ae WELL ELEVATIONS Geologist 
LAUGHLIN-SIMMONS & CO. 
% 615 Oklahoma Building 308 Tulsa Loan Bldg. : Box 55 
2 TULSA OKLAHOMA TULSA, OKLA. DALLAS, TEX. 
CLARK MILLISON PRANK A. MELTON 


Consulting Geologist 
Petroleum Geologist Aerial Photographs 


Philtower Building and Their Structural Interpretation 


TuLsa OKLAHOMA 1010 Chautauqua Norman, Oklahoma 
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OKLAHOMA 


P. B. NICHOLS 
Mechanical Well Logging 


THE GEOLOGRAPH CO. 
25 Northwestern 


JOSEPH A. SHARPE 
Geophysicist 


C. H. Frost GRAVIMETRIC SuRVEYS, INC, 
1242 South Boston Ave. Tulsa 3, Okla. 


Oklahoma City Oklahoma 
C. L. WAGNER 
Consulting Geologist 
Petroleum Engineering Geologist and Geophysicist 
Geophysical Surveys 
2259 South Troost St. Seismograph Service Corporation 
TULSA OKLAHOMA Kennedy Building Tulsa, Oklahoma 


PENNSYLVANIA 


TEXAS 


HUNTLEY & HUNTLEY 


Petroleum Geologists 
and Engineers 
L. G. HUNTLEY 


J. R. Jr. 
JAMES F. SWAIN 


Grant Building, Pittsburgh, Pa. 


JOSEPH L. ADLER 
Geologist and Geophysicist 
Contracting Geophysical Surveys 
in Latin America 


Independent Exploration Company 
Esperson Building Houston, Texas 


TEXAS 


CHESTER F,. BARNES 
Geologist and Geophysicist 


Petroleum Bldg. P.O. Box 266, Big Spring, Tex. 


D’ARCY M. CASHIN 
Geologist Engineer 
Specialist Gulf Coast Salt Domes 
Examinations, Reports, Appraisals 
Estimates of Reserves 


705 Nat'l Standard Bldg. 
HOUSTON, TEXAS 


CUMMINS, BERGER & PISHNY 

Consulting Engineers & Geologists 
Specializing in Valuations 

1603 Commercial Ralph H. Cummins 


Standard Bldg. Walter R. Berger 
Fort Worth 2, Texas Chas. H. Pishny 


E. DEGOLYER 
Geologist 


Esperson Building 
Houston, Texas 


Continental Building 
Dallas, Texas 


J. H. DEMING 
Geophysicist 


AMERICAN EXPLORATION 
ASSOCIATES 


Box 6296 Houston, Texas 


ALEXANDER DEUSSEN 
Consulting Geologist 
Specialist, Gulf Coast Salt Domes 


1006 Shell Building 
HOUSTON, TEXAS 


DAVID DONOGHUE 
Consulting Geologist 
Appraisals - Evidence - Statistics 


Fort Worth National FORT WORTH, 
Bank Building TEXAS 


J. E. (BRICK) ELLIOTT 


Petroleum Engineer 


108 West 15th Street Austin, Texas 
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TEXAS 
BOATRIGHT & MITCHELL F. B. Porter R. H. Fash, 
President Vice-President 
Consulting Petroleum and Natural Gas THE FORT WORTH 
Engineers and Geologists LABORATORIES 


B. B. Boatright and R. B. Mitchell 


Second National Bank Building 
Houston 2, Texas Capitol 7319 


Analyses of Brines, Gas, Minerals, Oil, Inter: 

pretation of Water Analyses. Field Gas Testing. 

8282 Monroe Street FORT WORTH, TEXAS 
Long Distance 138 


JOHN A. GILLIN 
National Geophysical Company 


Tower Petroleum Building 
Dallas, Texas 


W. G. SAVILLE J. P. SCHUMACHER A. C. PAGAN 


GRAVITY METER EXPLORATION CO. 
TORSION BALANCE EXPLORATION 


Gravity Surveys 
Domestic and Foreign 


1347-48 ESPERSON BLDG. HOUSTON, TEX. 


CECIL HAGEN 
Geologist 


Gulf Bldg. HOUSTON, TEXAS 


SfDON HARRIS 


Southern Exploration Service 
Seismograph 


Sinclair Building FORT WORTH, TEXAS 


JOHN M. HILLS 
Consulting Geologist 


Midland, Texas 
Box 418 Phone 1015 


J. S. HupNALL G. W. PIRTLE 
HUDNALL & PIRTLE 
Petroleum Geologists 

Appraisals Reports 
Peoples Nat'l. Bank Bldg. TYLER, TEXAS 


PALEONTOLOGICAL LABORATORY 
R. V. HOLLINGSWORTH 
Geologist 


Box 51 Phone 2359 
MIDLAND, TEXAS 


JOHN S. IVY 
Geologist 


1124 Niels Esperson Bldg., HOUSTON, TEXAS 


W. P. JENNY 
Consulting Geologist and Geophysicist 


Specializing in MICROMAGNETIC SURVEYS, 

EOLOGICAL INTERPRETATIONS and COR- 
RELATIONS of seismic, gravimetric, electric and 
magnetic surveys. 


1404 Esperson Bldg. HOUSTON, TEXAS 


MID-CONTINENT TORSION BALANCE SURVEYS 
SEISMIC AND GRAVITY INTERPRETATIONS 


KLAUS EXPLORATION COMPANY 
H. KLAUS 
Geologist and Geophysicist 


2223 15th Street 


115 South Jackson 
Lubbock, Texas 


Enid, Oklahoma 


JOHN D. MARR 
Geologist and Geophysicist 


SEISMIC EXPLORATION, INC. 
Gulf Building Houston, Texas 


HAYDON W. McDONNOLD 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 
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TEXAS 


GEORGE D. MITCHELL, JR. 
Geologist and Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l. Bank Bldg. Houston 2, Texas 


LEONARD J. NEUMAN 
Geology and Geophysics 
Contractor and Counselor 
Reflection and Refraction Surveys 


943 Mellie Esperson Bldg. Houston, Texas 


DABNEY E. PETTY 
10 Tenth Street 
SAN ANTONIO, TEXAS 
No Commercial Work Undertaken 


ROBERT H. RAY 
ROBERT H. RAY, INC. 
Geophysical Engineering 

Gravity Surveys and Interpretations 


Gulf Bldg. Houston, Texas 


J. C. POLLARD 
Robert H. Ray, Inc. 
Rogers-Ray, Inc. 
Geophysical Engineering 


Gulf Building Houston, Texas 


F. F, REYNOLDS 
Geophysicist 


SEISMIC EXPLORATIONS, INC. 
Gulf Building Houston, Texas 


JAMES L. SAULS, JR. 
Geophysicist 


ADVANCED EXPLORATION COMPANY 
622 First Nat'l. Bank Bldg. Houston 2, Texas 


HUGH C. SCHAEFFER 
Geologist and Geophysicist 


NORTH AMERICAN 
GEOPHYSICAL COMPANY 
636 Bankers Mortgage Bldg. Houston 2, Texas 


A. L, SELIG 
Consulting Geologist 


Gulf Building Houston, Texas 


WM. H. SPICE, JR. 
Consulting Geologist 


2101-02 Alamo National Building 
SAN ANTONIO, TEXAS 


HARRY C. SPOOR, JR. 
Consulting Geologist 
Petroleum... ... Natural Gas 


Commerce Building Houston, Texas 


CHARLES C. ZIMMERMAN 
Geologist and Geophysicist 


KEYSTONE EXPLORATION COMPANY 
2813 Westheimer Road Houston, Texas 


WEST VIRGINIA 


WYOMING 


DAVID B. REGER 
Consulting Geologist 


217 High Street 
MORGANTOWN WEST VIRGINIA 


E, W. KRAMPERT 
Geologist 


P.O. Box 1106 
CASPER, WYOMING 
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GEOLOGICAL AND GEOPHYSICAL SOCIETIES 


COLORADO 


ILLINOIS 


ROCKY MOUNTAIN 
ASSOCIATION OF PETROLEUM 


GEOLOGISTS 
DENVER, COLORADO 
President - - - J. J. Zorichak 
Petroleum Administration for War 
First National Bank — 
1st Vice-President - - - + John Vanderwilt 
Climax Molybdenum 
2nd Vice-President - - + Krueger 
Union Oil Company of California 
Secretary-Treasurer - - + + Robert McMillan 
Frontier Refining Company 
First National Bank 
Luncheons every Friday noon, Cosmopolitan Hotel. 
Evening dinner (6:15) and program (7:30) first 
Monday each month or by announcement, Cosmo- 
politan Hotel. 


ILLINOIS 
GEOLOGICAL SOCIETY 


President - e C. Lamar 
Carter Oil Company, Box 568, ‘thas. 


Vice-President - - Jack Hirsch 
The Texas Company, Mattoon 


Secretary-Treasurer - - Gene Gaddess 
Pure Oil Company, Olney 


Meetings will be announced. 


INDIANA-KENTUCKY KANSAS 
KANSAS 
INDIANA-KENTUCKY GEOLOGICAL SOCIETY 
GEOLOGICAL SOCIETY WICHITA, KANSAS 
EVANSVILLE, INDIANA President - - Virgil B. Cole 
Gulf Oil, Corporation 
President - - + Stanley G. Elder Vice-President - - - - Laurence C. Hay 
” Sun Oil Company Consulting Geologist, 402 Union National 
uildin 
Vice-President - - - Hillard W. Bodkin Bawend A. Huffman 
The Superior Oil Company J. M. Huber Corporation, 407 First National 


Secretary-Treasurer - - Jess H. Hengst 
Barnsdall Oil Company 


Meetings will be announced. 


Bank Building 
Regular Meetings: 7:30 P.M., Geological Room, 
University of Wichita, first Tuesday of each month. 
The Society sponsors the Kansas Well Log Bureau, 
412 Union National Bank Building, and the Kan- 
sas Well Sample Bureau, 137 North Topeka. 


LOUISIANA 


LOUISIANA 


NEW ORLEANS 
GEOLOGICAL SOCIETY 
NEW ORLEANS, LOUISIANA 


President - - - + Dean F. Metts 
Humble Oil and Refining Company 
1405 Canal Bldg. 

Vice-President and Program Chm. - B. a Bremer 
The Texas Company, - O. Box 252 
Secretary-Treasurer - + R. Copeland, Jr. 
The California Company, isi Canal Bldg. 


Meets the first Monday of every month, October- 
May inclusive, 7:30 P.M., St. Charles Hotel. 
Special meetings by announcement. Visiting geol- 
ogists cordially invited. 


THE SHREVEPORT 
GEOLOGICAL SOCIETY 
SHREVEPORT, LOUISIANA 


President - - - + + + + T.H. Philpott 
Carter Oil Company, Box 1739 


Vice-President - - + Van D. Robinson 
Atlantic "Refining 
Secretary-Treasurer - - - E. Wallace 


Sohio Petroleum Corporation, ‘eee Building 


Meets the first Monday of every month, September 
to May, inclusive, 7:30 P.M., Criminal Court 
Room. Caddo Parish Court House. Special meetings 
and dinner meetings by announcement. 


LOUISIANA 


MICHIGAN 


SOUTH LOUISIANA GEOLOGICAL 


SOCIETY 
LAKE CHARLES, LOUISIANA 
President - - Max Bornhauser 


Continental Oil Co., Box 569, Lafayette 
Vice-President - + « - A. Lyndon Morrow 
Magnolia Petroleum Co., Box 872 
Secretary - - Bruce M. Choate 
Atlantic Refg. Se. Box 895 
Treasurer - + - + + + + P. F, Haberstick 


Meetings: Dinner and business meetings third 
Tuesday of each month at 7:00 P.M. at the Majestic 
Hotel. Special meetings by announcement. Visiting 
geologists are welcome. 


MICHIGAN 
GEOLOGICAL SOCIETY 


President - - + Kenneth K. Landes 
University “of “Michigan, Ann Arbor 
Vice-President - - T. J. Weaver 
Michigan Consolidated Gas Co.. ” Grand Rapids 
Secretary-Treasurer - + - Manley Osgood, Jr. 
Cities Service Oil Co., Box 149, Mt. Pleasant 
Business Manager -_- - Harry J. Hardenberg 
Michigan Geological 
Capitol Savings and Loan Bldg. nsing 


Meetings: Bi-monthly from November to April at 
Lansing. Afternoon session at 3:00, informal din- 
ner at 6:30 followed by discussions. ‘(Dual meetings 
for the duration.) Visiting geologists are welcome. 


] 
3 


i 
= 
| 
| 
| 
4 
4 | 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


XV 


MISSISSIPPI 


OKLAHOMA 


MISSISSIPPI 
GEOLOGICAL SOCIETY 
JACKSON, MISSISSIPPI 
Union Producing 
Vice-President - - - Frederic F, Mellen 
Mellen & Monsour 
Box 2571, W. Jackson Sta. 


Secretary-Treasurer - + + + + J. B. Wheeler 
Stanolind Oil and Gas Company 


Meetings: First and third Thursdays of each 
month, from October to May, inclusive, at 7:30 
P.M., Edwards Hotel, Jackson, Mississippi. Visiting 
geologists welcome to all meetings. 


ARDMORE 
GEOLOGICAL SOCIETY 
ARDMORE, OKLAHOMA 
President - - - + + + - Stanford L. Rose 
The California Company, 618 Simpson Bldg. 


Vice-President - - - - + Maynard P. White 
Gulf Oil Corporation, Box 30 
Secretary-Treasurer - Hamilton M. Johnson 
Schlumberger Well Surveying Corp., Box 747 


Dinner meetings will be held at 7:00 P.M. on the 
first Wednesday of every month from October to 
May, inclusive, at the Ardmore Hotel. 


OKLA 


HOMA 


OKLAHOMA CITY 
GEOLOGICAL SOCIETY 
OKLAHOMA CITY, OKLAHOMA 
President - - - - Ralph L. Fillmore 
Anderson-Prichard Oil Co. 

1000 Apco Tower 
Vice-President - - - + + Roy D. McAninch 
Stanolind Oil and Gas Company 
Box 1633 


Secretary-Treasurer - - - + + Carl A. Moore 
Carter Oil Company 
1300 Apco Tower 
Meetings: Technical program each month, subject 
to call by Program Committee, Oklahoma City 
University, 24th Street and Blackwelder. Lunch- 
eons: Every second Thursday, at 12:00 noon. 
Skirvin Hotel. 


SHAWNEE 
GEOLOGICAL SOCIETY 


SHAWNEE, OKLAHOMA 
President - + + + + Allen Ehlers 


Vice-President - - - + - + John P. Lukens 
Oklahoma Seismograph, 1103 North Philadelphia 


Secretary-Treasurer - + - + Marcelle Mousley 
Atlantic Refining Companv, Box 169 


Meets the fourth Senge: 4 of each month at 8:00 
_ at the Aldridge Hotel. Visiting geologists 
welcome. 


TULSA GEOLOGICAL SOCIETY 
TULSA, OKLAHOMA 
President - - - - + + + + A. N. Murray 

University of Tulsa 

Ist Vice-President - - + + Paul E. Fitzgerald 
Dowell, Inc., Kennedy Building 

2nd Vice-President - - - + + Oscar Hatcher 

Helmerich & Payne, Inc., 415 Philtower 

Secretary-Treasurer - - - Glenn R. V. Griffith 
. §. Geological Survey, Box 311 

Editor - - - += + + «+ Charles i Deegan 
Oil and Gas Journal, Box 1260 


Meetings: First and third Mondays, each month, 
from October to May, inclusive at 8:00 P.M., 
University of Tulsa, Kendall Hall Auditorium. 
Luncheons: Every Tuesday (October-May), Brad- 
ford Hotel. 


TEXAS 


TEXAS 


CORPUS CHRISTI GEOLOGICAL 
SOCIETY 


CORPUS CHRISTI, TEXAS 
President - - - - + + Ira H. Stein 
Bridwell Oil Company, Alice, Texas 
Vice-President - - - - Henry D. McCallum 
Humble Oil and Refining Company 
Secretary-Treasurer - - - - Elsie B. Chalupnik 
Barnsdall Oil Company, 604 Driscoll Building 


Regular luncheons, every ss Petroleum 
Room, Plaza Hotel, 12:05 P.M. Special night meet- 
ings, by announcement. 


DALLAS 
PETROLEUM GEOLOGISTS 


DALLAS, TEXAS 


President - - - + + + + + Henry C. Cortes 
Magnolia Petroleum Company 
Vice-President - - - - - + Cecil H. Green 
Geophysical Service, Inc. 
Secretary-Treasurer - - - + Willis G. Meyer 
DeGolyer and MacNaughton, Continental Building 
Executive Committee - - - Henry J. Morgan 
Atlantic Refining Company 
Meetings: Monthly luncheons by announcement. 

Special night meetings by announcement. 


EAST TEXAS GEOLOGICAL 
SOCIETY 
TYLER, TEXAS 
President - - - - - - + + J. H. McGuirt 
Vice-President - - - - - R. M. Trowbridge 
Trowbridge Sample Service 
Secretary-Treasurer - - - - - G._T. Buskirk 
Stanolind Oil and Gas Company, Box 660 


Meetings: Regular meetings at 7:30 P.M., the sec- 
ond Monday, each month, City Hall. 


Luncheons: Noon, fourth Monday, each month, 
Blackstone Hotel. 
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TEXAS 


FORT WORTH 
GEOLOGICAL SOCIETY 
FORT WORTH, TEXAS 


President - - + Thomas B. Romine 
Sinclair Prairie Oil Company, 901 Fair Building 


Vice-President - - William J. Nolte 
Stanolind Oil and Gas Company, Box 1410 


Secretary-Treasurer - - + Spencer R. Normand 
Independent Relation Com; 
2210 Ft. Worth Natl. Bank Bldg 


Meetings: Luncheon at noon, Hotel Texas, first 
and third Mondays of each month. Visiting geol- 
ogists and friends are invited and welcome at 
all meetings. 


HOUSTON 
GEOLOGICAL SOCIETY 
HOUSTON, TEXAS 
President - W. B. Milton, Jr. 
Houston Oil Co. "of Texas, Box 2412 
Vice-President - - W. B. Moore 
Atlantic Refining Company, Box 1346 
Secretary - + Charles H. Sample 
J. M. “Huber Corporation, 721 Bankers 
Mortgage Building 
Treasurer + + - - + Homer A. Noble 
Magnolia Petroleum Company, Box 111 


Regular meeting held the first and third Thursdays 
at noon (12 o'clock), Mezzanine floor, Texas State 
Hotel. For any particulars pertaining to the meet- 
ings write or call the secretary. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 


WICHITA FALLS, TEXAS 


President - - - William Lloyd _— 
Magnolia Petroleum Co., Box 2 


Vice-President - - - Charles R. 
Stanolind Oil and Gas Company 
909 Hamilton Building 


Secretary-Treasurer - John R. Davis 
Superior Oil Company, 807 Hamilton Building 


Luncheons and evening programs will be an- 
nounced, 


SOUTH TEXAS GEOLOGICAL 
SOCIETY 


SAN ANTONIO, TEXAS 


President - - Harvey Whitaker 
1409 Milam Building 
Vice-President - - - George H. Coates 


638 Milam Bailding 


Secretary-Treasurer - Marion J. Moore 
Transwestern Oil Company, 1600 Milam Building 


Meetings: One regular mecting each month in San 
Antonio. Luncheon every Monday noon at Milam 
Cafeteria, San Antonio. 


WEST VIRGINIA 


WEST TEXAS GEOLOGICAL 
SOCIETY 
MIDLAND, TEXAS 
+ + + F, H. McGuigan 

Lion Oil Refining ns 
Vice-President + o R. Newfarmer 
Shell Oil 


Secretary-Treasurer - Alan B. Leeper 
Honolulu Oil Corporation 


President 


Meetings will be announced. 


THE APPALACHIAN GEOLOGICAL 
SOCIETY 
CHARLESTON, WEST VIRGINIA 
P. O. Box 2605 
President - - Douglas Rogers, Jr. 
South Penn Natural Gas Company, Parkersburg 
Vice-President - - Veleair C. Smith 
Kanawha Valley. Bank Building 

Secretary-Treasurer - W. B. Maxwell 

United Fuel Gas Company, Box 1273 


Editor - - Simmons, Jr. 
Godfrey L. Cabot, ‘Inc., ox 1473 


Meetings: Second Monday, each month, except 
ool July, and August, at 6:30 P.M., Kanawha 
otel. 


WYOMING 


WYOMING GEOLOGICAL 


ASSOCIATION 
CASPER, WYOMING 
P. O. Box 545 
President - - - - - = += = = C, J. Hares 
The Ohio Oil Company 
1st Vice-President - - A. F. Barrett 


General Petroleum Corporation 
2nd Vice-President (Programs) - W.S. McCabe 
Stanolind Oil & Gas 


Secretary- toe - . M. Larsen 
U. S. Geological na 


Informal luncheon meetings every Friday, 12 noon, 
Townsend Hotel. Visiting geologists welcome. 
Special Meetings by announcement. 


THE SOCIETY OF 
EXPLORATION GEOPHYSICISTS 


President - - - + Henry C. Cortes 
Magnolia Petroleum Co., Dallas, Texas 
Vice-President - - J. J. Jakosky 
University of Southern California, Los Angeles 
Editor - - - - L. L. Nettleton 
Gulf Research Laboratory, Pittsburgh, Pennsylvania 
Secretary-Treasurer - - = Cecil H. Green 


Geophysical Service, Inc.. 1311 Republic Bank 
Building, Dallas, Texas 


Past-President - - William M. Rust, Jr. 
Humble Oil & Refining Company, Houston 
Business Manager - - - - - E. Stiles 


Hamilton, Texas 
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FIRST IN OIL FINANCING 
1895-1945 


THE FIRST NATIONAL BANK 
AND TRUST COMPANY OF TULSA 


MEMBER FEDERAL DEPOSIT INSURANCE CORPORATION 


THE GEOTECHNICAL CORPORATION 


Roland F. Beers 
President 


1707 Tower Petroleum Building 
Telephone L D 101 Dallas, Texas 


GULF COAST OIL FIELDS 
FIFTY-TWO AUTHORS 


Forty-Four Papers Reprinted from the Bulletin of The American Association of 
Petroleum Geologists with a Foreword by Donald C. Barton 


EDITED BY 
DONALD C. BARTON 
AND 
GEORGE SAWTELLE 


THE INFORMATION IN THIS BOOK IS A GUIDE FOR FUTURE DISCOVERY 
® 1,084 pages, 292 line drawings, 19 half-tone plates 
@ Bound in blue cloth; gold stamped; paper jacket; 6x9 inches 


PRICE: $4.00, EXPRESS OR POSTAGE FREE 
($3.00 to A.A.P.G. members and associate members) 
THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS ne 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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quirement of operators desiring a complete and well-rounded geophysical service. Be 


Western's seismic and gravity crews are now operating in all parts of the 


United States and in South America. Western service is available for surveys in any part of 


_ the world. Inquiries are invited. 


GEOPHYSICAL COMPA 


‘TIONAL BANK BLDG. 
HEZ, MISSISSIPPI 


| 
world foyether with juipment, experienced field crews 
ion technique, Western Geophysical Company meets every 
god proven interpretation technique, Western Geophys 
. 
. 
| NY | 
118 COMMERC ST, ATC] 


COPPER 


ALUMINUM 


Black and white half- 
tone reproduction 
showing the prominent 
lines of the spectra of 
pure metallic elements, 
which identify them to 
the spectrographer. 


to Find Gold... Ac the End 


This is the instrument that proved the 
old tale about the pot of gold at the 
end of the rainbow. This is a modern 
Bausch & Lomb Spectrograph. To 
probe the secrets of the universe it makes use of the 
same principles of light that cause the rainbow. 

With such instruments science has discovered 
many of the elements of the 92 out of which matter 
is composed, so unlocking vast storehouses of 
wealth for the enrichment of all. From spectro- 
graphic discoveries have come lifesaving armor and 
improved implements of war for our fighting men. 
Similarly, in your laboratories Bausch & Lomb 
Spectrographs can supply the vital information 
necessary for the creation of better products for 
the peace time future. 

A piece of metal or a chemical compound, smaller 
than a pinhead, when burned in the arc produces 
in the spectrograph a rainbow-like spectrum in 
which the identifying lines of the elements stand 


out unmistakably. From a photographic record of 
this phenomenon, the spectrographer can identify 
elements of which the sample is composed even 
though the amount may be as small as one part 
in 100,000,000. 

Consult Bausch & Lomb concerning your postwar 
optical requirements. Pacing the advances of sci- 
ence, building the instruments that help to create 
new sources of wealth for all mankind, America’s 
Leading Optical Institution is ready to serve you. 
Bausch & Lomb Optical Co., Rochester 2, N. Y. 


BAUSCH 6&6 LOMB 


ESTABLISHED 1853 


MAKERS OF OPTICAL GLASS AND A COMPLETE LINE OF OPTICAL INSTRUMENTS FOR MILITARY 
USE, EDUCATION, RESEARCH, INDUSTRY, AND EYESIGHT CORRECTION AND CONSERVATION 
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PRACTICAL PETROLEUM 
ENGINEERS’ HANDBOOK 


SECOND EDITION 
Revised and Enlarged 


By JOSEPH ZABA 
and 
W. T. DOHERTY 


This book was written by practical oil men. The tables were compiled so that they can be used 
by anyone to meet practical field situations without further calculations, and will fit 99% of the 
conditions under which the average operator is working in the field. 


The second edition of the PRACTICAL PETROLEUM ENGINEERS’ HANDBOOK has been com- 
pletely revised and enlarged. Many changes which have been made in the Standard Specifications 
of the American Petroleum Institute, particularly in pipe specifications, are incorporated in this 
second edition. Several tables are rearranged and charts enlarged to facilitate their use. Table 
of Contents and Index are more complete. Also about 90 pages of new formulae, tables, charts 
and useful information have been added. 


This handbook was compiled and published for the purpose of saving the time of operators, 
engineers, superintendents, foremen and others. 


TABLE OF CONTENTS 
Chapter | G | Engineering Data 
Chapter I] —Steam 
Chapter II] —Power Transmission 
Chapter IV —Tubular Goods 
Chapter V —Drilling 
Chapter Vi —Production 
Chapter VII —Transportation 


Semi-Flexible Fabrikoid Binding, size 6 x 9, 492 Pages. Price: $5.00 Postpaid 
Send Checks to the 


PUBLISHING COMPANY 
P. O. BOX 2608, HOUSTON, TEXAS | 
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EPENDABILITY 


t The importance of seismograph surveys in the development of future oil 
reserves by the Petroleum Industry implies a responsibility which is recog- 
nized by the entire personnel of General Geophysical Company. Its influ- a 
ence is reflected in the thoroughness with which subsurface data are com- a 
piled and in the accuracy of their interpretation. Its value is expressed by 
the confidence which many major companies have in the dependability 
2 of General Geophysical surveys. 


GEOPHYSICAL COMPANY HOUSTON 
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PROVIDES ACCURATE 
FOOT BY FOOT SAMPLES 
OF CUTTINGS TOO! 

In addition to thoroughly recondition- SEPARATOR 
samples of cuttings. The entire ma- 


pioneered the self-motivated Shale 

Separator. Its outstanding perform- HANDLES 

ance is due to years of development. THE LOAD 
THOMPSON TOOL CO. 


1OWA PARK, TEXAS 


KEEPS DRILLING MUD CLEAN — PROVIDES TRUE SAMPLES OF CUTTINGS 
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SEISMIC EXPLORATIONS, INC. 


Gulf Bldg., Houston, Texas 
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TRIANGLE BLUE PRINT & SUPPLY COMPANY 


Representing Complete Reproduction Plant 
W. & L. E. Gurley i Repaired 
Spencer Lens American Paulin 


12 West Fourth Street, Tulsa, Oklahoma 


TECTONIC MAP OF SOUTHERN CALIFORNIA 


By R. D. REeEp anp J. S. 


In 10 colors. From “Structural Evolution of Southern California,” BULL. A.A.P.G. (Dec., 1936). 
Scale, 4% inch = 1 mile, Map and 4 structure sections on strong ledger paper, 27 x 31 inches, rolled in 
tube, postpaid, $0.50. 

The American Association of Petroleum Geologists, Box 979, Tulsa 1, Oklahoma 


GFi Al, The Annotated 
CHROME CLAD STEEL TAPES Bibliography of Economic Geology 
Vol. XV 


Orders are now being taken for the 
entire volume at $5.00 or for individual 
numbers at $3.00 each. Volumes I-XIV 
can still be obtained at $5.00 each. 


The number of entries in Vol. XV, No. 
1, is 1,079. No. 2 is being printed. 


easy TO 
MARKINGS 
ARE DURABLE 


“ATLAS” The outstanding Of these, 266 refer to petroleum, gas, 
King of all development in etc, and geophysics. They cover the 
a “ Tapes the manufacture world, so far as information is available 

_— of measuring in war time. 
. tapes If you wish future numbers sent you 


Features of all Chrome Clad Tapes: promptly, kindly give us a continuing 
Easy to read markings that are durable order. 
Line resists rust, will not crack, chip or peel 
Line is extra strong. 

Send for Catalog No. 12 showing com lete 

line of Tapes, Rules and Precision Tools 


An Index of the 10 volumes was issued in 
May, 1939. Price: $5.00 


Economic Geology Publishing Co. 


THE LUFKIN fpULE (0. Urbana lings, 
Saginaw, Michigan New York City . ; 


AERIAL PHOTOGRAPHY 
RECONNAISSANCE MOSAICS 
PRECISE AERIAL MOSAICS 
TOPOGRAPHIC SURVEYS 


For information write Department H 
AERO SERVICE CORPORATION 
Since 1919 
PHOTOGRAMMETRIC ENGINEERS 
236 E. Courtland Street, Philadelphia 20, Penna. 
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SMOOTH FLO WING 
PRODUCTION 


N a baseball diamond or a bomber assembly line, each man 

must do his part well in order to get results. As a member 
of your team the Lane-Wells Field Engineer stands ready to 
provide Technical Oil Field Services and to carry out your 
orders to help in the job of producing more oil efficiently 
and economically. 


More than 60,000 successful Gun Perforator jobs provide 
a backlog of experience in almost 
every oil field in the United States. 
Engineers and Operators of more 
than 3800 Companies can tell you, 
“It pays to team up with Lane-Wells. 

Call them on your next job.” P 


LANE-WELLS 
SERVICES and PRODUCTS 


1, RADIOACTIVITY 
WELL LOGGING 


Lane-Wells Radioactivity Logs ac- 
curately locate potential produc- 
ing zones in existing wells which 
may have been passed by in the 
original completion. 


2. GUN PERFORATOR 
Lone-Wells GUN PERFORATOR 
Opens new or secondary producing 
zanes for additional production 
to increase each well’s ultimate 
output. 


3. PACKERS and 


LINER HANGERS 


lone-Wells builds packers ond 

liner hangers to meet successfully \ NX Et WE LL S 
every condition requiring the use yy 

of these specialized tools. Stocks ~) 


ore carried in Lane-Wells factory 
db hesfor your 
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Plastic Shot Hole Casing is now threaded 


Fedralite plastic shot hole casing now comes to you 
all threaded, ready for use. Crews who have used 
this new Fedralite casing say that the thread is 
much harder, firmer, and more water-resistant than 
the older type hand-threaded in the field. 


Thread-titecouplings are specially made for use with 
Fedralite. These sheet metal couplings fit so snugly, 
yet go on so smoothly and easily, that it is no 
longer necessary to supply the other couplings we 
formerly made available. 

This new combination of Thread-tite couplings and 
improved factory-threaded Fedralite is weleomed 
by crews that have used it in actual drilling. They 
find it faster and more convenient to use; find even 
greater savings in labor and drilling time. 


Fedralite plastic shot hole casing is designed 


Now available from these five points 


HOUSTON, TEX. 
Esperson Building 
405 Velasco St. 


CHICAGO, ILL. 
8700 S. State Street 


NEW ORLEANS, LA. 
730 St. Charles Street 


FEDERAL ELEcTRIC COMPANY, INC.OF TEXAS 


ESPERSON BLDG., 405 VELASCO STREET, HOUSTON, TEXAS 


ELCO PLASTIC PIPES 


Fedralite plastic shot hole 
casing now available with 
factory-machined threads— 
3 threads per inch. 


and made for the job. It has been thoroughly prove 
and is in regular use, by many crews working 
many different types of territory. 


Fedralite is light, strong, practical. Its light weig 
makes it easy to handle. A whole day’s supply c 
be carried in a skiff or light truck. There is far la 
danger of strained backs or hand injuries with th 
light, smooth, clean new casing. That’s one reas( 
why crews and party chiefs like it. 


Another reason is that Fedralite is economical. 
saves trucks, tires, and gasoline. Its high rate 
recovery makes the cost per foot of holes shot s 
prisingly low. This cost will be even lower with t 
improved THREADED Fedralite now availab 
Order a supply now—from any of the five wareho 
locations listed below. 


DALLAS, TEX. 
1902 Field Street 


_ JENNINGS, LA. 
Phone 430 


3INC 


SOUTHERN 


FIELD SURVEYS — Our techni- 
cal staff has over a hundred 
crew years of diversified expe- 
rience in conducting and inter- 
preting seismic field surveys. 
Latest type instruments from 
the laboratories of recognized 
leading manufacturers and 
highly trained experienced 
personnel are at your service 
to go anywhere. 


EXPERT REANALYSIS OF 
SEISMIC DATA-—Southern Geo- 
physical Company also offers 
an interpretative service em- 
ploying highly skilled expe- 
rienced seismologists for the 
reanalysis of seismic data 
recorded by any company. 
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Operators who use the complete 
mud service offered by Baroid Sales 
Division find that many drilling diffi- 
culties are eliminated in deep or 
shallow wells. In wildcat drilling 
Baroid Products and Services re- 


duce to a mini the dangers of 


unknown formations. 


Since 1926, Baroid Products and 
Services have made many valuable 
contributions to faster, safer, more 
economical drilling. Below are some 
of the reasons why: 


FIELD SERVICE: Experienced Baroid Service 
Engineers, strategically located and pro- 
vided with laboratory-equipped cars, test 
drilling muds and recommend procedure 
right at the well. This service has helped 
solve thousands of mud problems, and in 
conjunction with the use of Baroid Products, 
has, in many cases, actually saved wells, 


LABORATORY SUPERVISION: Modern and 
completely equipped Laboratories at Los 
Angeles, Tulsa and Houston maintain and 
improve the quolity and usefulness of Bar- 
oid Products. They also develop new mater- 


Baroid Well Logging Service Provides Formation In- 
formotion Through Mud Analysis 


ials, new applications and new processes 
which minimize drilling troubles. 


AVAILABILITY: Baroid Sales Division has 
continually increased the number of Dis- 
tributors and Sub-Distributors of BAROID 
and other Baroid Products until today these 
Products are available in nearly 450 loca- 
tions in the United States and Canada. 
Always use Baroid Products and Ser- 
vices to get the BEST in mud control. 


Baroid Service Engineer Testing Mud At The Well 


BAROID PRODUCTS: 
ANHYDROX + AQUAGEL ¢ AQUAGEL CEMENT 
BAROCO + BAROID + FIBERTEX > IMPERMEX 
MICATEX + SMENTOX + STABILITE » ZEOGEL « TESTING 
EQUIPMENT + BAROID WELL LOGGING SERVICE 


Patent Licenses unrestricted asto sources of supply of 
materials, but on royalty bases, will be granted to oil 
companies and others desiring to practice the subj 
matter of any and/or all of United States Patents Num- 
bers 1,807,082; 1,991,637; 2,041,086; 2,044,758; 
2,064,936; 2,094,316; 2,119,829; 2,214,366; 2,294,- 
877; 2,304,256 ond r improvements thereof. 
Applications for Licenses should be made to the Los 
Angeles office. 


Small Portion Of Baroid’s Modern Laboratory Facilities 


NS 
~ OPVTS EON 
NATIONAL LEAD COMPANY 
© | BAROID SALES OFFICES: LOS ANGELES 12 © TULSA 3 © HOUSTON 2 
| 
| 


Bulletin of The American Association of Petroleum Geologists, September, 1945 XXXL 


we 

: 

quod erat whieh was be enon 

more qhe \ast qwo qhe value of pack 
. 

7 

4 gic Al co. 


XXXii 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


(FOR CABLE TOOL OPERATORS ONLY) 


Is Line A Longer Than Line B? 


Things are not always what they appear to be, and that is why mod- 
ern geologists use the Baker Cable Tool Core Barrel to secure a true 
cross section of the actual formation for detailed examination and 
analysis.—This simple, long-lasting tool is easy and inexpensive to 
use, and consistent results always pay their own way. Take time to 
look on Pages 370-374 of the 1944 Baker (or Composite) Catalog, 


or ask any Baker representative for the facts. 


BAKER O/L TOOLS,INC.. 


Houston * LOS ANGELES ¢ New York 


The influence of angles of varying degrees makes Line A appear to 
be far longer than Line B, yet both measure the same. Geometry 
abounds in such optical illusions. 
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LEONARD J. NEUMAN 
Geophysical Counselor 
and Contractor 


~_»>Reflection 


___» Refraction 


Well 


—»Seismograph Surveys 


Have conducted economical and effective 


seismograph surveys in Florida 

Specialists in 

Salt Dome and Overhang Problems 
Up-to-the-Minute Equipment 
Manned by 

Experienced Capable Men 


OFFICE—943 Mellie Esperson Bldg. Fairfax 7086 


LABORATORY—Pecan Road Melrose—3-2270 
HOUSTON, TEXAS 
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_ Puts the Shots 
—_ where they count! 


SERVICE LOCATIONS 


McCULLOUGH TOOL COMPANY . . . 5820 South Alameda Street, Los 
: Si Export Office: 30 Rockefeller Plaza, New York 20, N. 


‘ODESSA, TEXAS NEW IBERIA,LA. GUYMON, OKLA. /ENTURA, CALIF. 
TYLER, TEXAS SHREVEPORT, LA. LAUREL, MISSISSIPPI BAKERSFIELD, CALIF. 
LEN CASPER, WYO 


HOUSTON, TEXAS 
A TEXAS HOUMA, LA. AVENAL, CALIF. 

ALICE, TEXAS LAKE CHARLES, LA. LOS ANGELES, SACRAMENTO, CALIF. 
OKLAHOMA CITY, OKLA. 
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GEOPHYSICAL SURVEYS 


Offered 
to the Oil Industry 


on a Contract Basis 


* 


SEISMOGRAPH 
GRAVIMETER 
MAGNETOMETER 


-Indep endent) 


COMPANY ~ 


HOUSTON, TEXAS 


Laboratories and Shop 
1922 West Gray St. 
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ADVANCED 
EXPLORATION 
COMPANY 


GEOPHYSICAL SURVEYING 


Spearpoint of the Petroleum Industry 
For ADVANCED 


Seismic Equipment and 
Technique 


CALL ADVECO  F-8007 


622 FIRST NATIONAL BANK BUILDING 
HOUSTON 2, TEXAS 


Cc. W. BOCOKK, III GEO. D. MITCHELL, JR. JAMES L. SAULS, JR. 
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C. H. FROST GRAVIMETRIC 
SURVEYS, INC. 


C. H. Frost, President JosepH A. SHarpe, Vice-President 
GRAVIMETERS manufactured under license from Standard Oil 


Development Company 


GRAVIMETRIC SURVEYS made carefully by competent per- 


sonnel 


GEOLOGIC INTERPRETATION of the results of gravimetric 


surveys 


1242 South Boston Avenue Tulsa 3, Oklahoma 


JOURNAL OF PALEONTOLOGY 
JOURNAL OF SEDIMENTARY PETROLOGY 


Annual Annual Non-Member 


S.E.P.M. Dues Subscription 
JOURNAL OF PALEONTOLOGY $5.00 $6.00 
JOURNAL OF SEDIMENTARY 
PETROLOGY 3.00 3.00 
BOTH JOURNALS 8.00 9.00 


BACK VOLUMES AT HALF PRICE 
TO MEMBERS AND SUBSCRIBERS 


Per Vol. 
Jour. Pal., Vol. 1 (1927) unavailable 

Vol. 2 (1928)—Vol. 8 (1934), each complete, 4 Nos. ........... $3.00 

Vol. 9 (1935)—Vol. 11 (1937), each complete, 8 Nos. ............. 3.00 

Vol. 2 (1932)—Vol. 7 (1937) each complete, 3 Nos. .............. 1.50 

BACK VOLUMES AT REGULAR PRICES 

Jour. Pal., Vol. 12 (1938)—Vol. 18 (1944), each complete, 6 Nos. .............. $6.00 
Sed. Petr., Vol. 8 (1938)—Vol. 14 (1944), each complete, 3 Nos, .............. 3.00 


SOCIETY OF ECONOMIC PALEONTOLOGISTS AND MINERALOGISTS 
BOX 979, TULSA 1, OKLAHOMA 
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The Objective Is Oil... 


Craftsmanship and advanced design are 
two reasons why Heiland equipment is 
so widely used throughout the world for 
locating oil structures. Precision in geo- 
physical recorders is measured in frac- 
tions of a thousandth of an inch so that 
these instruments can accurately meas- 
ure depths of thousands of feet. Write 
for catalog and complete specifications. 


Research Corporation 


DENVER, COLORADO 
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An A.A.P.G. Publication! 


TECTONIC MAP 


Of The 


UNITED STATES 


1944 


Prepared under the Direction of the Committee on Tectonics, 
Division of Geology and Geography, National Research Council. 
CHESTER R. LONGWELL, Chairman, PHILIP B. KING, Vice-Chairman 
CHARLES H. BEHRE, WALTER H. BUCHER, EUGENE CALLAGHAN, D. F. 
HEWETT, G. MARSHALL KAY, ELEANORA B. KNOPF, A. I. LEVORSEN, 
T. S. LOVERING, GEORGE R. MANSFIELD, WATSON H. MONROE, J. T. 


PARDEE, RALPH D. REED, GEORGE W. STOSE, W. T. THOM, JR., A. C. 
WATERS, ELDRED D. WILSON, A. O. WOODFORD 


A New Geologic Map of the United States and Adjacent 
Parts of Canada and Mexico 


Geologic structure, as evidenced and interpreted by a combination of out- 
cropping areas, bedrock, surface disturbance, and subsurface deformation, 
is indicated by colors, symbols, contours, and descriptive explanation. 
Igneous, metamorphic, and selected areas of sedimentary rock are mapped. 
Salt domes, crypto-volcanic disturbances, and submarine contours are shown. 


The base map shows state boundaries, rivers, a pattern of cities, and 1- 
degree lines of latitude and longitude. 


The scale is 1:2,500,000, or 1 inch = 40 miles. Printed in 7 colors, on 2 
sheets, each about 40 x 50 inches. Full map size is about 80 x 50 inches. 


PRICE, POSTPAID 
$2.00 rolled in mailing tube 
$1.75 folded in manila envelope 
$1.50 in lots of 25, or more, rolled or folded 


The American Association of Petroleum Geologists 
Box 979, Tulsa 1, Oklahoma, U.S.A. 


| 
| 
| 


VERSATILE 
GRAVITY METER 


The Advantages of this compact, lightweight North American 
Gravity Meter are readily apparent when it is realized that one 
man can comfortably and easily carry it on his back with the 
special pack carrier. It can be carried into swamplands, through 
dense undergrowth, over rugged mountain country, and any 
other terrain with ease and simplicity. It can be mounted in an 
automobile for making convenient and rapid surveys in normal 
accessible areas. With the tripod extended through the floor 
of the car, it is not necessary to remove the meter to make a 
} reading. It can be transported in a canoe or small boat. 

The meter weighs only 28 pounds. With back pack and battery 
the weight is but 45 pounds. The meter is temperature com- 
pensated. The current required is sufficiently low, so that a 
single motor-cycle battery will keep the meter unaffected by 
outside temperature throughout the day. 

Manufactured in our own laboratories, the North American 
Gravity Meter is leased for domestic operation and sold for 
export. 


NORTH AMERICAN 
GEOPHYSICAL COMPANY 


Gravity-Seismic Surveys . . . Geophysical Apparatus 


636 Bankers Mortgage Building, Charter 4-3523 


Houston 2, Texas 


5 Bulletin of The American Association of Petroleum Geologists, September, 1945 xli Se 

| 
3 


xlii 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


GEOLOGY OF THE 
BARCO CONCESSION 


REPUBLIC OF COLOMBIA 
SOUTH AMERICA 


BY 


FRANK B. NOTESTEIN, CARL W. HUBMAN AND JAMES W. BOWLER 
(PUBLISHED WITH THE PERMISSION OF THE COLOMBIAN PETROLEUM COMPANY) 


CONTENTS 

History of Exploration Structure 

Metamorphic and Igneous Rocks Regional 

Stratigraphy Petrolea-Tarra Anticlinorium 
Cretaceous Foothills Folds 
Tertiary Folds of the Sardinata Depression 
Recent Development 

Surface Indications of Petroleum Rio de Oro Field 
Oil and Gas Seeps Petrolea Field 
Asphaltic Dikes Carbonera Field 
Hydrocarbon Residues Tres Bocas Field 


Socuavo Field 

@ THIS IS A SEPARATE ("REPRINT") FROM THE BULLETIN OF THE GEOLOGICAL 
SOCIETY OF AMERICA, OCTOBER, 1944 

@ 51 PAGES, 4 FULL-TONE PLATES 

@ !0 COLUMNAR SECTIONS AND STRATIGRAPHIC CORRELATION CHARTS, | STRUC- 
TURAL CONTOUR MAP, | WATER ANALYSIS CHART 

@ GEOLOGICAL MAP AND 2 CROSS SECTIONS IN COLORS (FOLDED INSERT, APPROX. 
15 x 30 INCHES) , 


PRICE, 50 CENTS, POSTPAID 


Order from 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 


Bulletin of The American Association of Petroleum Geologists, September, 1945 


xliii 


Fic. 20.—Cerro Bernal, volcanic plug. (Reproduction of sketch by 
Captain G. F. Lyon, 1828; redrawn by F. S. Howell.) 


GEOLOGY OF THE TAMPICO REGION 
MEXICO 


By JOHN M. MUIR 
1936 


“This book deals primarily with the geology of the Tampico embayment, but the author has 
viewed his objective with a broad perspective and presents the oil fields of that area against 
a background of the geologic history of Mexico. . . . (It) is an authoritative work by an 
expert on an area which has been one of the most important oil-producing regions of the 
world. The excellent areal geologic map of the Tampico embayment and the structure maps of 
the oil fields are significant contributions to Mexican geology. The extensive faunal lists from 
definite localities in each formation will be welcomed by students of earth history who seek 
to correlate the events in Mexico with the panorama of geologic development throughout the 
world.”—Lewis B. Kellum, of the University of Michigan, in Bull. Amer. Assoc. Petrol. Geol. 


280 pp., including appendix, bibliography, gazetteer, index, 15 half-tones, 41 line drawings, 
including 5 maps in pocket, 212 references in bibliography 
Bound in blue cloth; gold stamped; paper jacket. 6 x 9 inches. 


PRICE, $4.50, POSTPAID ($3.50 TO MEMBERS AND ASSOCIATES) 


THE AMERICAN ASSOCIATION OF PETROLEUM GEOLOGISTS 
BOX 979, TULSA 1, OKLAHOMA, U.S.A. 
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REED ‘BR’ 


SUB-SURFACE DATA in your 
WILDCATTING OPERATIONS 


. ». With either the REED “BR” Wire Line Drilling- 
Coring outfit or with the REED “’Kor-King” Con- 
ventional type Core Drill. 


For further information on these Core Drills 
SEND FOR BULLETINS C-415 AND K-1141 Nan 


REED ROLLER BIT COMPANY 


P. O. BOX 2119 


HOUSTON, TEXAS 
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SEISMIC SURVEYS 
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In every field... through every formation . . . Hughes 


Unit Constructed Type “‘J’’ Core Bits have proved out- 
standing in their ability to deliver the bottom of the hole 
to the derrick floor. For maximum recovery of large 


diameter cores, with minimum contamination, specify 


HUGHES .. . Standard of the Industry. 


HUGHES TOOL COMPANY 


HOUSTON, TEXAS 


